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PREFACE. 



Gbologt may be consideFed a& one of the most 
attractive and ptopulac sciences of the present 
day. The great progress made in this science 
-within the last few years, and the extraordinary . 
and important facts brought to light by recent . 
investigations, render the subject deeply interest^ ^ 
ing to aU who delight in the study of nature, . 
as also to those who may be desirous of bene-r 
fiting by the mineral treasures of the earth.. ^ 
But there is another numerous class, to whom 
Geology is particularly attractive — to such, as, , 
without much knowledge of science, and with; 

« 

no economical end in view, engage in the pursuit 
merely as a recreation. The search &r fossil^ 
remains has so much in it that is fascinating ;^^ 
thfi delight of meeting with rare,, or even with 
well-known organic remains is so great; the^ 
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possibility (open to all) of discovering some new 
species, — some new link in nature^s chain,**-«a 
full of hope and expectation, that this science 
possesses a zest to which few others can lay 
claim. 

To the latter class of observers, as well as to 
those who have hitherto bestowed no attention 
on the subject, this little work is more especially 
addressed : it having been the object to present 
the leading features of Geology in a simple and 
concise form: embracing a systematic arrange- 
ment (as far as at present determined) of the 
rocks and strata of the earth^s crust, and a 
general view of its fossil organic contents. 

In treatises on Geology, the descending series, 
or commencing from the latest geological period, 
is very usually adopted: but the highly interest-, 
ing views afforded by the successive introduction 
(in organic nature) of genera and species grar 
dually drawing nearer and more near to existing 
races of creatures, as we approach the era of manV 
creation, have induced the writer to make choice 
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of the oBcending series; and to conclude with 
fKtoe account of the Recent Period. 

In the Preliminary Discourse, an attempt h^s 
been made to call the reader^s attention to the 
nature and advantages of Oeologj, with the 
view of rendering the suhject more interesting 
to all; and in the hope that, should this little 
treatise fall into the hands of any who consider 
this science as trivial and unimportant, such 
may be led to regard it in a light more in 
accordance with its actual value. 

It would have been highly satisfactory to 
have referred to the various authorities con- 
sulted in this work. It has, however, been 
deemed advisable to avoid the numerous refer- 
ences which this would necessarily have en- 
tailed. The Author, therefore, must rest con* 
tented with a general acknowledgment of the 
obligation due to the valuable works of Adolphe 
Brongniart, Buckland, Cuvier, Ehrenberg, Lyell, 
Mantell, Murchison, Phillips, Sedgwick, Whe* 
well, &c.; as well as to numerous other authors 
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• who have 'made^mportsnt-coininimiesfio f&e 
Geologioal Sooiety, 'Roj&L fiocdety, '^Britudi 'Am- 

' Boeiaftion<<>f "Soienoe; to the ILcfnAoa and (Bdin- 
burgh Philosq)hioiil Magazine, the Magaame of 
Popular Scienee, 'Geographical Jouraal, &c. &c. 
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wmjQsmAMY umcmmsE on the natubx 

AND ADVANTAGES OF GEOLOGY. 



I>iLk'DI!Bfi OF GbOLOGT. 

" CuBiosiTY^' it lias Tjeen well observed, " ia one of 
.'ike most distinctive faculties of ilie human mind; 

<me of those which establish a marked separation 
'between man, and the rest of the animal creation :** 



For of all 



The inhabitants of earth, to man alone 
Creative "Wisdom gave to lift his eye 
l)o truth's etenialimeaBureB. 

But though curiosity, or the love of investigation, 
Is one of man's 'best faculties when directed to am 

end really worthy of him, it is capable of being 

misdirected and misapplied. It becomes, therefore, 
' of paramount importance that this principle, so 

active in all intelligent minds, should be guided into 
'diannels, where it may not only find free soepefer 
lis exercise, but l^e most -exalted €nds for its ulti- 
*Tnate object. Such are ^' the sacred paths of natute 

and of science^" The grandest discoveries, and iihe 
iffFentions of the greatest use to mankind, — ike 

sabfime truths of astronomy, electro-'magne^sm, ^he 
' steam-engine, i3iB ielescope, the microscope, — 'are all 
""the result of long-continued research, enncfbled ^ 
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their object ; and tlie same principle is still stimtt* 
lating ns to extend the range of onr knowledge, and 
to fathom the hidden mysteries of nature. 

In modem times, science appeared to have made 
such great progress, that we scarcely could have 
expected any new track would have been opened 
equally rich in discoveries with those disclosed by 
the telescope or by the microscope. Yet the inves- 
tigation of the ground we daily tread under foot, 
has, during the last half century, in the hands of 
Smith, Cuvier, and a host of other scientific men, 
becomo a science peculiarly fertile in novelties, not 
only deeply interesting to the geologist, but strik- 
ingly attractive to all who look with wonder and 
curiosity on the visible works of the Creator. 

Geology, indeed, may be regarded as a science 
necessarily dependent on the advanced state of the 
natural sciences ; for its conclusions have only been 
established by these means, and it can scarcely be 
said to have existed as a science until chemistry, 
zoology, botany, and mechanics, were applied to the 
explanation of the phenomena it presents. A gene- 
ral acquaintance with science is^ therefore, of the 
greatest possible advantage to the geological student. 
Yet, nevertheless, to those unpossessed of these ac- 
quirements, geology may form a highly engaging 
pursuit; for it is a science of observation, and ia 
directed to objects immediately within our reach,-— 
to the rocks and cliffs on the sea-shore; to the bediG^ 
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e^O^ed tp Qur yiew in the excavations of a road; 
to. tt^ Teyy pebbles scattered in our path*,— all of 
wbicb will derive an infinitely bigber interest, if 
regarded with reference to tbe phenomena of geo- 
logy, and to tbose changes which have been instru- 
mental in imparting to them their actual form, or 
present arrangement. 

Sir John Herschel tells us, that geology, in the 
magnitude and sublimity of the objects of which it 
treats, undoubtedly ranks in the scale of the sciences 
next to astronomy. To those who are in som^ 
measure acquainted with the immensity of the field 
into which astronomy guides her votaries, but to 
whom geology is as yet " a sealed book," this asser** 
tion may appear to assign too exalted a station to 
IJie latter science. The distances treated of in astro- 
nomy are so immense, and the time required for the 
completion of some of the celestial cycles so vast, 
that they elude the grasp of our comprehension: 
*' What, then, is there in geology," may such in- 
quire, *' to compete with the m3nriads of years to 
which astronomy directs our attention?" To this 
the geologist will reply, that by careful researches 
into the rocks and beds of the earth, we learn that 
periods approaching to, if not equalling the myriads 
of years of the astronomer, have apparently been 

* The Author has, not iinfrequently, met with well 
preserved fossils among the pebbles of a garden gravel 
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re^uized £or tlie accomplishment of- all the changes 
OQ. the sai&ce of the globe. And if geolo^jf; 
may yield, to astronomy in the vastness of. the space. 
oyer.which.it ranges, and in the formen science our 
yiewB are confined to the obsorvaticHi of only a. 
limited portion of one small planet, the indications, 
it displays of the Mighty Hand that rules the unir 
vense, are scarcely less striking, and perhaps fully as 
impsesfflve, from their capability of being, brought . 
more immediatly under our own inspection^ 

The difference between the^ sciences of astronomy 
and geology may be compared to that of the dis- 
coveries effected by the telescope and the micro- 
scope: — the one reveals to us objects of vast magni- 
tude concealed from us by their immense distance; . 
the other discloses objects hidden from us by theii; 
almost incomprehensible minuteness. Thus whilst, 
astronomy leads us to the contemplation of 

An infinite of space, 

With infinite of lucid orbs replete : 

In motion all,, yet what, profound repose ! 
What fervid action, yet no. noise ! as awed 
To silence by the presence of their God : 

whilst astronomy speaks of boundless space and 
boundless time, and geology describes a compara- 
tively circumscribed area, telling us of change and 
mutability; yet the one no less than the other, 
diq)la3rs the wisdom, power, and goodness of 

Nature'6 Controller, Author, Guide, and End. 
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Geology shows us thai '* the configuratioa of the 
earth's surface has heen re-modelled again and again; 
mountain chains have heen raised or sunk; valleys 
have been formed, again filled up, and then re-exca- 
vated; sea and land have changed places. Yet 
tjiroughout all these revolutions, animal and xeger 
table Hfe has been sustained: these changes in the 
condition of the earth, having been accompanied by 
corresponding changes in organic bodies, adapting, 
them to* those altered conditions; — -the succession of 
living beings having been continued by the intro- 
duction into the earth from time to time of new 
plants and animals, evidently admirably adapted for 
successive states of the globe. Had it been other- 
wise, had they been less fitted for each new con- 
dition of things, they would not have increased and 
endured for indefinite periods of time; a fact proved 
by the myriads of fossil remains preserved in strata 
of all ages*. 

It beings then, an ascertained fact, that we 
repeatedly see the commencement of new races, we 
are obliged again and again to have recourse to a 
8Hp«me Intelligence and a creative power. « If we 
examine the marine remains of the strata, we find 
that whole genera of shells, which in the present 
seas are most abundant in species, were not in exist- 

*" Lybll's Anniversary Address to the Geological Society^ 
I8a7. 
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ence till after the chalk was deposited. Other 
genera again originated about the middle of the 
series, and soon became extinct, being represented 
bj no species in the Tertiary strata, that is, the 
strata above the chalk. These new creations sup- 
plied the place of other races which perished; for 
some genera are peculiar to the lower groups of 
rocks, not a single species of them occurring higher 
in the series than the coal-measures. There are a 
few, and but a few, genera, which, commencing in 
the low;est fossiliferous strata, have endured through 
all the changes to which the earth has been subject, 
and have species existing in the present seas. The 
chans^es which occurred in the ororanization of fishes 
appear to have been greater and more rapid, and 
exhibit a wider difference between those found 
above and below the chalk, than is observable in 
the case of molluscs. 

" The same proofs of organic changes are afforded 
by the study of fossil botany. The formations con- 
taining vegetable remains may be arranged, acco|:ding 
to Professor Henslow, in four groups, representing 
epochs, during any one of which no very marked 
difference is observable in the general character of 
the vegetation; but between any two of these 
groups the change is striking and decided, most of 
the genera being different, and none of the species 
alike. The character of the fossil vegetation of the 
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earlier epochs is also such as to warrant the conclu- 
sion, that the plants of that epoch grew under a 
climate both hotter and moister than that of any 
part of the earth at present. 

**We can scarcely be said, at present, to have 
sufficient data for determining what were the ani- 
mals inhabiting the land while the earlier strata were 
being deposited at the bottom of the sea. It is 
evident that some of our oldest rocks have been 
derived from the waste of pre-existing land; and, as 
that land appears to have been clothed with its 
appropriate vegetation, we have no right to suppose 
that it was destitute of its appropriate animals. A 
great ocean like the Pacific, interspersed, like it, 
with small islands, appears to have prevailed, during 
the formation of the older strata, over that part of 
the Northern Hemisphere in which are situated 
those coimtries whose geology has been most ex- 
plored. Small oceanic islands do not, at the present 
day, contain many mammalia, while they are wholly 
destitute of the larger kinds; and the discovery of 
such remains, in an oceanic sediment, after its con- 
version into dry land, must be an event of very rare 
occurrence; for however abundant mammalia might 
be on some distant continent, by the rivers of which 
their carcases would be drifted down, yet before 
they could be floated out £a.r to sea, they would be 
almost certain to be devoured by the carnivorous 
monsters of the deep; and even supposing them to 

h 



XVIU PRELIMINARY DISCOURSE. 

' escape this fate, the chances areTery mudh agiemibt 
' the discovery of the spot "^here "these rare 'remains 
are concealed, after the bed of the ocean sha31 'be. 
laid dry. 

^^But whether maimnalia existed daring the 
earliest epocbs of the world df which we -possess 
geological monuments, and were contemporary wifii 
' those marine animals imbedded in the lower strata, 
though, for the reasons above stated, their 'remains 
have not yet been discovered; or whether they were 
not created till a later period, though still before €he 
deposition of the chalk, it is certain that during ike 
tertiary era, when their remains were abundantly 
entombed in the strata, we can trace the introdue^ 
tion of new races even of those animals. The re- 
mains of the land quadrupeds imbedded in the olden 
tertiary strata, are chiefly those of extinct genera. 
In the deposits of a more recent period we meet, 
' in these northern latitudes, with the remains of 
>xtinct 9pede9 of genera now existrag, but existing 
only in warm climates, such as the elephant, rhino- 
Kjeros, hippopotamus, &c. And at length we come 
to peat bogs and alluvial deposits, in which human 
remains occur, mixed with those of animals now living 
in the countries where the remains are found, together 
with a -few which have become locally extinct, 
within the historic period. The animals that Jiove 
become locally extinct in Britain are, the wolf, ^e 
beaver, and the "wild boar. 
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^^ But if the earth^s crust fumiahes us witli evi- 
' deuce, that great and repeated changes have tak^n 
pbice in the organic and inorganic-world, it furnishes 
lis with proofe no less clear, that great epochs of 
time elapsed while th^e changes were in progress, — 
epochs ao great, that we are tempted to connect 
them with the secular periods of astronomy to which 
we have hefore alluded. There is, however, this 
diffexence between ihe phenomena of .astronomy 
and geology; that in the former, we have a series of 
events recurring, in a fixed order, after the lapse of 
fixed intervals of time, whereas in geology, (if we 
except the interchange between land and sea, and 
' the xecurrence of volcanic action after long intervals 
of repose,) we have no evidence of the repetition of 
^a single phenomenon; much less have we evidence 
of geological cycles, in which the same events are 
xepeated, again and again, in a stated order, and at 
'Stated intervals. Thus, whole orders of fishes, cha- 
xaeteristic of the older strata become extinct, and are 
succeeded by new races, which in their turn give 
place to others; and this class of vertebrated ani- 
mals affords an unbroken record, from the earliest 
to the most recent geological epoch; the changes 
wiiich occur in it being more rapid than those which 
take place among invertebrate animals; but as we 
asoCTid in the series of strata, we meet with no in- 
Btanee o the revival of any of the extinct genera 
'Or q>ecies. 

62 
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" "When the Copemican system of astronomy was 
established, and the earth, no longer regarded as the 
centre of the universe, was proved to be one of a 
system of bodies revolving round the sun, the ques- 
tion naturally arose, were the other bodies of that 
system habitable and inhabited; and, reasoning 
from analogy, astronomers were disposed to answer 
the question in the affirmative. It was true, that as 
regards the distribution of light and heat, and the 
intensity of gravitation, a very different state of 
things must prevail in most of those planets from 
what obtains on the earth ; but since every part of 
this earth was crowded with sentient beings, possess- 
ing an organization so adapted to the conditions of 
existence assigned them, as to render that existence 
a state of enjoyment, it appeared highly improbable 
that all the variety here displayed should be limited 
to one planet, and that all the others should be mere 
blanks, made only to be gazed at by us, and destitute 
of beings suited to their respective states. And 
when the modem researches of astronomy extended 
to the fixed stars, showed them to be suns, like that 
which forms the centre of our system, and it was- 
found that they were arranged in groups circling 
round each other, the argument from analogy was 
carried further, and the probability was inferred 
that each of these suns might be attended by its 
system of planets, with their satellites, the whole 
teeming with life under a countless variety of 
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forms, and under a countless variety of conditions. 
Geology comes in aid of tliese conjectures, by show- 
ing that this our planet has existed under a dif- 
ferent distribution, of land and sea, of heat, and 
perhaps of light, from that which it at present 
enjoys; and that, under these different circumstances, 
it was not a mere blank, but was as much crowded 
33 now, w*ith living beings adapted to the then state 
of things. 

*' If we apply ourselves to the task of classifying 
organized bodies now existing, arranging them in 
groups as they differ from or resemble each other in 
their structure, we find that those forms of each 
group which are most dissimilar, are connected by a 
series of gradations, separated from each other by 
the most minute distinctions, and that the groups, 
whether we regard the larger or the subordinate 
divisions, are again connected by forms possessing 
some of the characteristics of two groups. There 
are, however, cases in which the transitions are 
more abrupt; and when these cases occur, we fre- 
quently recover, among the extinct forms of an 
ancient state of nature, those connecting links which 
are wanting in the existing creation. As instances, 
we may mention the ichthyosauri, as combining some 
of the characters of a lizard with those of a fish, 
and occupying among saurians the place of the whale 
and seal among mammalia; and the pterodactyles,. 
which bore the same analogy to lizards, that the bat 
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now bears to mammalia. The pachydermatous'* 
order of mammalia, as existing at present, consists 
of but few genera, — the elephant, rhinoceros, hippo- 
potamus, horse, hog, and tapir, genera possessing bi^ 
slight resemblance to each other, and singularly poor 
in species. The tertiary strata of the Paris basin 
abounds, however, in remains of extinct animals of 
this order, suppl3ring gradations between some of the 
above genera, and connecting this order with others. 
Similar instances might be adduced from other divi- 
sions of the animal kingdom; and others are afforded 
by acomparison of fossil and recent vegetation t." 

A very close analogy is thus found to exist be- 
tween extinct and recent species, so as to leave no 
doubt on the mind, that the same harmony of parts 
and beauty of contrivance which we admire in the 
living creature, has also characterized the organic 
world at remote periods. 

For all are equally 
A link of Naturals chaia 
Formed by the Hand that formed me. 
Which fonneth nought in vain. 

''The geologist, therefore, can bring new and 
original arguments to bear upon those parts of natural 
theology which impress us with exalted conceptions 
of the intelligence, power, wisdom, and unity of 
design, mamfested in the creation. 

* ThickHEikiiinei. '\' Magazine of Popular Soieno3^ '• 



^'Ifhai the' ntost perfect umiy o£ plan oa& be 
tamed, in the foasii world, tkrongh all the modi£oa*- ' 
timis it has imdeigone; i» admitted bj all geolo^sts; : 
aad ako that we can distinGtly carry back our 
researches to time? antecedent to the existence of 
the human species. It can be proved that man had 
a begimiing, and that all the species now contempo-< 
my with man, and many others which preceded 
these races, had also a beginning. And thus, as 
-we increase onr knowledge of the inexhaustible 
variety displayed in living nature, and admire the 
-viFisdom and power which it displays, geology will 
imcalculably increase onr admiration of the works of 
careaiion, by suggesting the reflection that the present 
order of things is only the last of a great series, of 
which we cannot estimate the number or the limit 
in the past ages of the world*." 

Form of the Globe. 

TH£terrestEial.gbbe, it is w«ll known^ has the form 
of a spheroid, a little flattened at the poles, the 
radiua o£ which, or the distance fromi the external. 
smface ta* the centre, is about 3950 miles^ Most- 
psnons, peiiis^% who have at all reflected on the 
sahject, have felt, some curiosity to know whether 
t&e eaiih is similarly constituted throughout the. 
wdiole^extentiof its depth; whether rocks and strata^ 

. * Lyxix's Anniversary, Address, 1837. 



XXIY PRELIMINARY DISCOURSE. 

analogous to those on its snrface, still contintie to 
occur; or whether at a certain depth, one un^nn 
substance occupies the whole of the interior. This 
inquiry, in former times, led to yarious fancifitl 
hypotheses, some geologists having supposed the 
interior of the earth to be filled with water, others 
with gas, others with enormous masses of loadstone, 
and others with metals in a solid or a liquid state. 
The utter impossibility of penetrating to these enor- 
mous depths, renders personal observation wholly 
out of the question. How then can information be 
obtained ? Here astronomy and general physics 
come to our aid, furnishing us with data by which 
we are enabled to form some general conclusions 
regarding the figure and density of the earth. 

The earth, it appears, has acquired its present 
figure under the joint influence of gravitation to its 
present centre, and rotation on its present axis. If 
the whole mass of the globe were solid, no accom- 
modation or change of form could take place; but if 
the globe was formerly, or is at present, either wholly, 
or in great measure, fluid in the interior, the sphe^ 
roidal form would necessarily result : we must there- 
fore sappose that some of its parts are or have been 
yielding or fluid. If then, the mass of the globe 
were " internally fluid and externally solid, the crust 
or solid part might upon such change yield in various 
directions, and produce local irregularity of land 
and water, and the surface becoming subsequently 
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liardeiied, the form, once acquired, might be almost 
invariably preserved*." 

By direct experiments, the mean density of our 
planet has been inferred to be about five times that 
of water ; and it thus appears that the interior parts 
of the globe must be heavier than that of the exterior 
rocks, the density of which is about two and a half 
times that of water. We might therefore at first be 
led hastily to conclude that the interior of the earth 
«ould not be in a fluid state. But by the laws of 
compression or pressure, as observed at the surface 
of the earth, we And that without some counteract- 
ing cause, the weight or density of metals, rocks, 
£aids, and gases would be immensely increased at 
great depths in the interior of the earth. Thus in 
the centre of the earth steel would be compressed 
to one-fourth, and stone to one-eighth of its bulk ; 
water, at the depth of three hundred and sixty-two 
miles, would be as heavy as quicksilver ; and air at 
Ihat of thirty-two miles, would be as heavy as 
water. What, then, is this mighty counteracting 
cause ? There is every reason to believe that it is 
the expansive force of heat. 

Heat of the Globe. 

The solar rays are the principal source of heat on 
the suriiEU^ of the globe, the temperature varying in 
xelation to the amount of these rays, and oonse- 

* Phillips, Treaiise on Geologif. 
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quently decreasing &om> the equator ta the poksk 
The temperature also varies with day and nighty 
and with the saasoas of the year. At a certain 
depth helow the surface, no¥ifh^c& exceeding one- 
hundred feet, these variations' become insensible, 
and the temperature is constant,, or fixed, being 
nearly the same as the mean- temperature at the 
SBxface. 

If from this point of equable temperature, we find 
sL gradual decrease of heat as we dig deep into the* 
earth, we must necessarily conclude that the interior 
parts are colder than the surface^ and that there is » 
no reason to imagine the earth to have any other 
heat than that derived from the solar rays. But if^ 
on the contrary, it be found that as we descend into 
the earth, an iftcrease of temperature occurs, we 
cannot but admit that the earth has a proper or. 
inherent temperature derived from internal sources. 
Experiment proves the latter to be the case. 

These trials to determine the internal heat of the: 
earth have been made at various depths, and under 
different circumstances^^-in artesian wells, salt^pits, 
coal- works, and mines of different metals; and it, 
appears to be fully ascertained, that in situations far 
removed from Volcanic action, and in different kinds 
of stra^, water, air, and rocks continually grow 
iparmeo as we desc^id in the earth. Withouta sin^; 
exception, the interior of the globe ha^b^en found ta-: 
be warmer than the surface ; and the heat augments 
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constantly Mnth the depth ; the mean, or average 
imareasey being one degree of Fahrenheit in< forty-five 
En^isk f^et* Indeed^ the heat in some deep mines 
beeomes so oppressive, that the miners oan with 
diffijeuky pursue their labours^ 

/Such being the case, it will be evident, if the same 
raiio of increase continue, that the heat at consider- 
able depths in the interior of the earth must be most 
intense, acting as the mighty counteracting cause 
before alluded to> which prevents the compression 
of the materials in the interior of the earth. The 
notion of an incandescent mass in the interior of the 
earth is startling to many, and not without discom- 
fort to some; but so far from finding in this any 
canse of alarm, a further consideration of the subject 
"will declare to us that the preservation of the world 
in its existing state is probably dependent on this 
powerful agent. 

Thus, in thy world external, Mighty Mind, 
Not that alone which solaces and shines, 
The rou^ and gloomy too demands our praise. 
The winter is as needful as the spring, 
The thunder as the sun. 

The temperature at the surface is, as has already 
beeda observed, dependent on solar radiation; and 
the rocks in- the upper strata of the earth are such 
bad conductors of heat, that no sensible effect appeass 
te be produced at the surface by this internal heat. 
It may, and probably has> diffident infiuence,. to 
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pTevent the refrigeration or cooling of the earth 
beyond the present temperature at the surface, and 
thus may act its part in adapting the earth for the 
present races of organized beings. But we must 
remember that this intensely heated mass in the 
interior of the globe is no new condition of things, 
but that if it exist, it must have existed for many 
centuries, probably from the era of man's creation. 
For it appears, there is no reason to conclude that 
any change has taken place in the climates of the 
earth since the earliest historical records ; and astro- 
nomy informs us that the general temperature of the 
mass of the globe has not varied one-tenth part of a 
degree for the last two thousand years. This is 
"proved by calculations of the moon's motion. All 
solid rocks, except clay, expand when heated, and 
were the heat of the globe increased, its diameter 
would be augmented and its motion retarded. li^ 
on the other hand, the heat of the globe were 
diminished, this motion would be accelerated ; and 
thus we may be led to the conclusion that so far 
from being an element of destruction, the very con- 
tinuation of the earth in its present state may be 
dependent on this internal intensely heated mass, 
ordained for this purpose by an all-preserving God. 

It is, however, supposed that the internal tempe^ 
rature of the earth may have been considerably 
greater in ancient geological eras ; and that by the 
greater heat thus at those periods communicated to 
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the suiface,. even the froasen regions of the present 
day may have been capable of sustaining races of 
organic beings, found in those parts in a fossil state, 
but whose modem representatives only inhabit the 
hottest regions of the globe. 

General Arrangement of Strata. 

On examining into the structure of the earth's 
crust, (as that small portion of the exterior of the 
globe accessible to man's observation is termed^) we 
discover in all parts a series of mineral masses evi- 
dently not scattered and mixed at random, but 
arranged in much order, and frequently spread over 
areas of considerable extent. And though, in some 
cases, we find that the original position of these 
mineral masses has undergone great subsequent 
disturbance, proofs of the order that once prevailed 
may be distinctly observed. 

The greater part of these mineral masses, which 
constitute the rocks and beds or strata of the earthy 
are evidently composed of matter deposited by, or 
accumulated under water, formed in a manner similar 
to that which is constantly in progress at the present 
day^ in the beds of rivers, lakes, and in the ocean* 
In most instances the water carries down sand, clay, 
and other sedimentary matter, which sinks to the 
bottom, and banks and shoals are formed. These, 
at least such as come under our observation, are 
usually of small extent ; whilst the different groups 
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^ 6f sizata of the ancient ^fvtnrld are mostly on *« scale 
of great magnttude. Thus 'we "Bnd masses of linae- 
' stone several hundred feet m thiokness, and in oidier 
places yast beds of sand or of ohiy. An eanwwiriaticBi 
of sandstone rocks leaves no doubt that thej have 
experienced the agitation of water; such are called 
sedimentary deposits. Some limestones jield evi- 
dence of similar agitation, but others appear to be 
aggreg<Ues or aggregcUions of particles of carbonate 
of lime, slowly deposited from water holding *3iat 
substance in solution. 

It will be evident that if "v^re find a series kS. hon- 
zontal strata of sedimentary origin, the uppermost 
bed must be of later formation than those which ace 
beneath; some instances occur, indeed, where by 
convulsions of extraordinary violence the original 
position of the strata has 'been actually Teversed; 
but such instances are rare, though it is by no means 
uncommon to meet with strata thrown into an 
inclined position. 

These strata are all characterized by their peciifiar 
fossils, the greater part being fall of the remains 
of marine exuvise, exactly as we might expect to 
find the bed of the ocean at this day filled vdtii 

-the exuvise of now existmg or lately perished 
animals. In each system of strata lie entombed the 

' remains of different laces of bemgs, all successively 
buried in marine or fresh-water sediments, (&e 

latter being of much rarer occurrence,) -on the 'same 
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wea 'Or SQf&ce,*^foiiniitg *^a ^seriee df montnnents " 
^nSBdi 'rasi^ &e numerous diai^es of organic and 
' norganic nature'"'. 

it-^ppeasrsy'iberefore, ihat ishe greater part df Hhe 
present continents tb some former period existed in 
a fiediBientary form at the bottcmi Of the sea. But 
to have become so consolidated as they are at 

* psseent, these fosmatiooB must have been subjected 
io-flome othercondition^'Some other agent must have 

• been at work. TMb ^entis supposed to be subter- 
' iSBean heat, acting iipon thoTarious substances of 

which the rooks arecomposed, either ^whilst under 
' i^e-presBuie of super-inoumbent or overlyiqg rocks, 
lorthat'of a deep oceant. 

'These sedimentary rocks, though apparently mo- 

^fied by heat, are evidently of €tque&u8 origin, or 

lormed by water ; but there is another class of rooks 

•which appear to be of i^^neous origin, or formed by 

' fire, or heat. Among these Tocks are granite, trap, 

** The introdaction df tke irapoitaDt dofoirineB, tluit 
during the fozmation of the suocessive stratified rocks 
-which compose the ccust of the earth, the races of animals 
and plants were often and completely changed, is due to 
filr. William H9inith. This distinguished geologist, ^o 
.Ofnnmenced his care^ as ,a sarreyor of land, was justly 
the :first to whom the Geological Society of Xondon 
awarded the gold medal for geological services, bequeathed 
byTh*. WoUastOn. Mr. Smith commenced his geological 
observations in 1790, and received this medal in 1831. 
-f ThemppMoaitirtn ^>thi8 pinticiple is dne to Br. Hutton. 
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lava, &c« All these igneous rocks prese&t the sp* 
pearance of having been in a state of fusion, and a» 
they all either form the lowest of the series of rocks, 
or have apparently been ejected from an unknown 
depth below, in a melted state, as is the case wi& 
existing volcanoes, they corroborate the opinion of 
great central heat. 

These various formations occur in all parts of 
the globe, though they have hitherto been prin- 
cipally studied in Europe and in North America. 
Great Britain is singularly prolific in an extensive 
range of geological formations, and it hais been 
prettily said, ^' As if nature wished to imitate our 
geological maps, she has placed in the comer of 
Europe our island, containing an index series of 
European formations in full detail*." Indeed, the 
series of British strata represent very well the suc- 
cession of stratified rocks not only in Europe, but 
also in part of Africa, Asia, and North America^ 
the agreement being very close in those parts which 
are nearest to the British islands, and being vague 
and indefinite as the distance increases. The greater 
number of recognised stratified rocks occur in this 
island, and though volcanoes are unknown, igneous 
rocks belonging to the granite and trap formations 
are met with in some parts; and few districts of such 
comparatively small area, perhaps, present so com* 

* Whewell, Anniversary Address^ 1839* 
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pl^. m assemblage of the successive geological 
glpnpsL This is & fact of much interest to the 
British student of geology, who thus may have it in. 
Ua power to study all these formations in his native 
]4md* They do not, however, occur equally in all 
parts of the island^ and should our attention be con- 
fined to a limited district, we might very possibly 
find the number of strata exceedingly limited. It 
has been amusingly remarked, that '' If a stranger 
were to land in Cornwall, and after traversing the 
whole extent of that county and of North Devon, 
and crossing over to St. David's, were to make the 
tour of North Wales, and from thence passing by 
the Isle of Man, through Cumberland, to the south 
western shores of Scotland, should proceed either 
through the border counties, or along the range of 
the Grampians to the German Ocean, he would 
conclude from such a journey of many hundred 
miles, that Britain was a thinly peopled, sterile 
region, whose principal inhabitants were miners and 
mountaineers. 

"Another foreigner, arriving on the coast of 
Devon, and crossing the midland counties, from the . 
mouth of the Exe to that of the Tyne, would find a 
succession of fertile hills and valleys, thickly over- 
spread with towns and cities, and in many parts 
crowded with a manufacturing population, whose- 
industry is maintained by the coal with which the 
strata of .these districts are abundantly interspersed. 



'« A ihM tdrdgBCt mTgHt iiuv«l Inmr lite tiOa^ of. 
Dotiset to tIkeeiOftst tif Ifotkskinr^ <frdrelir#«ledf&^Bi( 
of ddlitid liMesftdticr, dr of t%M^^ wiiboutf d arkigler 
ntdutitiiit!, or mfaie, or cosl-pit, or itiff idi{M»rtoat 
mimitfkcknrjr^ and 0<$cv{yi6d hy n pbp^Uift aliiMMt 
e^hishteiy slgficttlttttlil. 

tbo t6ittiitf^ott of tli^ir jotmteyi^, Attd to* G^onfpflU' 
tb«ir t60|[>e€thre ofydervtttion^r boW wMelf SSSermut' 
tfiwi wemld be t&e ififestdte trr wWcb eadi ivonld-baw 
arrived i^dpei^ing ibe at^nl cofidition of Qt^ 
Brftaitt** 

Tbtse ditef etteeer wotdd bave aris^ &(«ii tbe p&^' 
cttfiar gdolc^dal dtttterettte of tbe diluent pairts # 
ottr idlaifd. And ifi a simtfat ifiatiflef, tbe i^tdleikf 
in geology, tt be would become acqtraintfed by pm- 
stmi observatioii tHtb tbe rariotis strata, ntndt dfir^et 
Ms CDtcise ^^b dtt^ consideration, and not expect to 
meet unik the "vrbole sdries in a limited district^ but 
only to aecotnplidb It by e^ttensire and ju<Meiottr 
travel and research. 

Td this an^ng^ment of tbe skata perhaps tbe 
prosperity of Great Britain nmy in a great ta6ima»^ 
be attributed, for tbe three prfndpal sources of 
national wealth,— mining, mana&K^ftnn^, and agti^ 
cnltnre,— ^are thud (Combined in the small compaser of 
this island, 

*J>t. BuoxiiAXii'9 Srklififimif IVml^ 



As Neptune^a paEk^^ci&bed and i^aled ul 
With rocks imscaleable, and roaring waters^ 
WifB. sands tBat wilT not bear ter enemy's boats, 
Bat floric itfcem ta^tibetep^sasl; 

GEOLOaZCAL NoMENGLATtZOlBU 

B)r g^o^gjucal aonieselatiue is. meaa&a.&jiteiB of 
that is^ihe ad€^tioii of teeknical and conaiaDit 
for roeka and slaala. Geology wa» long coDr^ 
sidesed as- only foasaag; a biaack of minpfalogyy and 
moB^ of ike nameft bestowed «pon xooks are arbi^ 
tmy teraaS) ai tlutt penod in use asiong mineialoglsta 
fo£ af>ecial minerals. Saoh aie the namfis of ajenitey 
acfpentme, pofpbyiy, and granite. Otbexs are wovda 
in iB9i amoi^ miaefa, (i|it«odii«ed in Germaay by 
Wemier,) sttcb as gpeissy giraawaeke^ zeebstein, &o. 

The nomoBGktiire introdoeed by Saiitb w^ua 
foanded on Englaab pffOTiscial ieaaaa of Tery borba- 
lowt aspect,. a& ecmbrasb, Has, gaalt, ckmch day, 
eesal rag, &e« Yet tbeae tenna were widely diflused 
when bis cUssi&eation was generally accepted, and 
■uogr of them at present f onn part of the geokgical 
bagyiage of the whole ciyiliaBed wkneU. 

Amptiaer kind of names whkh has becBx yery 
pre^aalent am^ng geoloi^ists is- that boirowed from 
pkuaas* Thns we meet with the teraEia Alpine lime- 
atone and Jura limestone, Wealden clay, Purbeck 
marfate, and Portland stone. These names can only 
be adYantagecmaly adopted when the peculiar for* 
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mations to which the terms axe ap^died form ezohi* 
sively the rocks in that particular locality. 

In other instances descriptive names have been 
adopted. But the great variety occurring in the 
structure of rocks which belong to the same forma*- 
tion, renders this in most cases very indefinite, and 
descriptive names are only really useful in geology 
when they are applied without any scrupulous 
regard to the correctness of the description. Thus 
red sandstone may be either limestone or sandstone, 
it maybe black, yellow, or gray, as well as red; 
^reen sand may be white, brown or red ; mauntam 
X limestone may occur only in valleys, and oolite may 

have no roe-like structure. And yet these may be 
excellent names, if applied as mere terms to design 
n29'te formations belonging to any particular geological 
division, and uised as aids to the memory. 

Mr. Ly ell has given to the divisions of the tertiary 
strata the appellations eocene^ miocene^ and pliocene^ 
according as they contain a small proportion of recent 
species of shells, a minority of such species, or a 
majority of living species. These terms are designed 
to express the relative ages of the groups, the plio- 
cene being immediately antecedent to the recent or 
present period. < And though the exact amount of 
the shells belonging to recent species found, in all 
eocene, miocene, or pliocene formations, may not be 
the same, they constitute very useful divisions, on 
account of their bein expressive of the interesting 
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fact of the gradual approach, in this class of animals, 
to the existing order of things. 

Manj^ of the above terms, as we have already 
observed, have been adopted in the geological world. 
Bnt, though nothing can be more desirable than the 
establishment of a universal scientific nomenclature, 
there is some difficulty attending this adoption in 
the case of geology; especially in the more recent 
strata. For, although various formations which, (on 
account of certain coincidences, and from their bear- 
ing the appearance of having been the results of. a 
similar series of events,) must be considered as geo- 
logically identical, are found to extend over large 
regions; the construction of these strata usually is 
not precisely similar; and .^'we may with more 
propriety consider them as two corresponding series, 
of which the members of the. one may be treated as 
the ripresentcttives or equivalents of the members of 
the other*." As an instance we may mention that 
the term cretaceous^ (derived from creta, chalk,) has 
been universally adopted as the designation, of the 
latest secondary group ; but though its equivfdients 
occur in North America, no true chalk has been 
discovered in that region. 

The divisions among stratified rocks, eicpressed by 
the terms primary^ secondary , and tertiary;, are ca- 
pable of more universal application, if we consider 
the absence of organic bodies to constitute the sepa- 

.* Whewell, History qf the Inductive Sciences, 
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^ Hat 'pnamryiBom 4iie senBdny; md ife 
pretence of some epeoiee «f mMi AAr to 
the eeiMBPee— nt of tihe teitiiij p . Xhe 
mikm mmKoe Tagne, and pmWUy 
'Hitmlwi hxve faeen nsub in tfaenakai 
iliie diM^ it ynXL beidtogetlier exj^ofksAy 
pbee te addifional jiAdLwhi ci «f die 



(Mker feohgiod teniiSy iucIl u %faey erqp*««i; 
jteibf, Ibc., am mosdydenved fi»m iiBOBK^s Jaaf^Hilp^ 
ud tJunndi there nEV he wanw twmsou&ukbm si thcw 
tarns, they axe peuhape leaB fednddiiig Ama 
«f the iqppeDstiens confiBzied hy aodani 
The hitter, however, are sever adopted mdiBKt 
hanring seme refeienoe to the oeiiBtraeiden fd the 
hedy, mganie er iaeigiak; («[ a gmift part of tdbe 
^ipaient difieidty of 'sooh tenai (VBansheSy when we 
heoome aoqnaanted with the aigid&eatioii ^ 4he 
words oi whioh they are temed. Thns ihe tmm 
oohthyoMRinui, nay to the namitiaitody prennt » 
aomewhat ifonnidalde appeaanmoe, tf cnly logaaded 
m eo many lettaa .eteinig tog^er; hot ff we 
oenaidar ft «b deri^eed turn isktkm^ a fiah, ani 
fourMf, a lizard; and as aa&ative «f ttke wrtwo 
of thk MBmUAde <eEeitbno, jutetnaiiatte between 
% fioh and » lannrdi iiw tam iMmnnes «t ooboq^ 
««it only shnfdffiod, hat we anekatewieage ate 
^ttiObf. Sinie4i8ia«im jBonainaat heha^ 
on all .nawly doscoYeied hodies^ .and iho^gh it bm^ 



Jm hiff^ imixMe i0 Avsoid firing appeU^iions 
iVJNch p9e«Mt ^l^rhidiiiig aipoct, ^bbi» is hf w 
Wfin na Aasy ^Upk, wlwa it w tbe.obJMiy as ib 
AfwfB flhonld b&«.io aspmis sobkiq peculiuity of die 
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piBctioal §i^flk mi km hm b^en 4]f mob i«^flt»ii9?> 
«»«ii»8ttU9^ to "iMrkNifi i9PQlV)«>Mal fwipf^^ee, irilhin 

newness, and its being therefore less j^ofierailjrji^owii 
i% pieil|Ap«^r)MhM]ioiimla^(^.^^ M weijubs. 9'his 
jb«» i» jffMtt j wd iip iw po 4iri8w jr^m igvowie^ of M^ 
«g|dhfliti«Mii i9999fi99m^ cff wMcli^iQeirtsto q>pi!P- 
Mmk mm 9t MA tiwe eMt igfKMi it* as a ^mm^ 

IhlHiifeoiieiippiMI i»:«py{fira«ti«al p«irp99e. 

It has, however, risen saperior to the caliuiMl&ra» 
JHertJMBcf :itf «pp^flllt«i m^t^W^^Hif^ its 
4gMfl^ Mil its ,i]|il]tf^.t^|pis .HPIir tio h»w^^gm»r 

jMt wtmiMi. Mimyh^ wt^mti^g 4e i»dds«efi 
tm tp ^ fi ri-fawtwwaiB i^f 4isi^iMtMal «pplU»llMi» mwi 
faaltanplfog ilfe, w»jifuvaft4pMtor thw Mbfit 

•Ih0tia0a|9ia(9 lof jm ^v^mmA ggrfogfist, rfepip. w > fc< i P 
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" The geologist," lie observes, " can confer on man- 
kind benefits of no mean order; can assist tbe faifiier 
to fertilize tbe snrfiice of tbe eartb, so tbat two 
l)lades of grass sbaU grow where one grew hefete, 
and can impart system to tbe labours of the miner, 
so tbat, no longer Igroping bis way in tbe dark, be 
may prosecute with confidence and with an approach 
to certainty, those costly operations which are neces- 
sary, in order to extract firom the earth the treasures 
which have been there stored up for our use. 

*^ The mineral wealth of the eartb has not been 

distributed through it at random ; but each forma- 

'tion, (as geologists caQ a group of strata,) is, over 

extensive areas at least, tbe peculiar receptacle of 

certain minerals. 

^* In the present state of our knowledge, it is too 
'much to affirm that these general rules prevail over 
the whole earth; but they bold good overeztenmve 
portions of the earth's surface, though, even within 
those areas, there are exceptions to the rule; and tbe 
study of the rule and the exception is alike pro- 
fitable. 

*' Let us take for example the case of coal. De- 
posits of vegetable matter occur in formations of aU 
ages, but they occur only in thin seams, and in small 
quantities. The great coal-deposit lies between two 
formations known ^by. the names of the old and tbe 
new red sand-stones, closely resembling each o^er 
in mineral composition, though very different .in 
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^lieiz zoological cliaTacters. The coal-fields of Brora, 
ff» Scotland, and of Whitby, in Yorkshire, can 
scarcely be called exceptions, though they are situ- 

^ated in a newer group of rocks, called the oolitic. 
For they afford an inferior kind of non-bituminous 

icoal, worked only to supply a local demand. In 
communicating these facts we are obliged to antici- 

'pate the knowledge of our readers as to the order in 
which the strata succeed each other,— ^ 

Things by their names we call, though yet imnamed, 
and therefore, perhaps, they can scarcely perceive 

- the full import of these remarks. In that case, we 
must request them to return to the subject wheii 

'they shall have become familiar with the names 
of the .formations, and with their order of .super- 

'position. 

** Now, the practical results to be derived from a 

' knowledge of this general rule and ii^ exceptions, 

.are these: That searches for coal ought only to be 
undertaken with the greatest caution, and under 

.'peculiar circumstances, in strata beyond the limits 
of the regular coal-strata; the working of them may 
sometimes be attended with success in districts 
which are ill supplied with coal &om th^ ^ coal- 
measures properly so called. The same remark 
applies to the lignite, or wood-coal, of the .tertiary 
strata^ which is wood partially carbonized, affording 
a very inferior fuel, which would never be used 
where the produce of the coal-fields of .Newcastle, 



«r6tefMh3A», or fioatk WAm, wM to eiuA^ 

^^Ii0d ^fiitli Mdof tibe InmC; 4«niiptkft, ligiitte«08iii» 
Iwt fpannglfy b«t.Mi tke Conrtmnt it k smwAbmb^ 

^Oon^ iavoigeiiavllgrtiiit wi&Mi< itwrtft J»<i& 
fMent thaa the «ld sed caain tt ti Mi t ; M AwesMs «! 
'Bi^IaBd 8one ^seqptiMw to ^th&i 'nd»}-»4he odU- 
bnted Ecton «^ in litoffcwMAre, muL 4be3tei- 
rlilBdy tvOnnfrVi fiend wna, m fijirnmyaMMre^ 
Mag «ito«tei in ihe ^aiho p ifc iOiM limeateae. On 
tte flontiMttt, ihe«ie lof tlM metal n 'vmrked at li 
imfttbn even stall moie veeertfc, tiia coppeiHBliie ^of 
9'hiningi»beiiigafH>itM of the mew ced aiodHitone 
'•ntiM. The advantages to Im denmd bf "the pian- 
tical miner from a knowledge of these iMts me& 
(oMans. Om the joad hsoid, Iha graeval imle will 
fsevani s fsasia of capital, m .fnutless saascfas-'fMr 
-eertaav wdmBoh m stnita wImho .th^ rairiy oo war,. 
«ad on the iotfaer haindy 4® evoepi&aas vill^mnntt 
-dbaH flbvHiftL a&eisnee to the geneiai vale, 'vAAii 
wooM pfohSbit afl aitteniprts4»ipf<eik tbaoi InAaae 
«traAa, \4Mn tiie in^BieoJlioBs tme ia «€ither caspaats 
-faivwnMfble; ^and Oeolo^np* fiumiehaB as wltii manos 
ilnr 4iaoriBMBatiBg the 4lffe9enlt stxfit», and teadkaa «a 
Ullair «rdar of • saeoesaiant ^ tbaifc'lia^g aaoastdnad 
-io-mhtlt fMMt^af the ^emsar^en aaGik>hefeil9Sy'ape 
Inaaw ^hat <ather ipodcs we viafsacpaot io <find «%o«e 
tttd Mow it. 



flwwjBh tiQ >|)anto ai ikek onuie^ bui asanei^ «r 

iiitilHwtml itotngh Ae vein, vbeuig coBacoted if 

«ta»^ «dufili 4»e 9^jr m^ss jruidiiig .thenmicr <^ 
Ae iffirhrr dcpoBils* JIis ■ (dbjficty iibiBis&iaef is iti> 
acq«Dr< At &» '^vsdmctinfe pwtiam of ihe vw^ drifii 
ibciilMniUiare-Df dJie .kaafc ^makie labour; lad 
AiBtftliij^fld; iketatiains ibf obaezvuig tbs axGmaatauis» 

3008 <ett ^^rfufik Jbe u lOn^LDjBd) tiU* ^ rnepoated 
uTiirmtioiM, he ^dSaco^wiB ihe Javvv wiueh iki^ 
Jd]oir« and ibmiss those jpacto of .a rab -whichjiK^ 
JSbsfy flbo bo flBost |»QdnciiT«. Bnt iJusae la vji «»& 
jHiihe^aBiae in AUoufteral distxidiB. I^ .theiefoi:^ 
no gffBMWPo .fioK Ai^ >fi«ia iOf our laoat oelefamtod 
lis oBOtof itft moBbs:q^0tm>iDQdL pnofciQi^ 
owi if i«e ^looe Jiiu in a&othe9:» wlusfl^ di^ 
•iBmit ibM7«9 fmr tiio digkibiiijoii of «ze ,ia :kow 
prevail^ and wlieiaB) tbougli oninemlfi m»j he abniK 
ihote laiKs axe not ^ fcniKvm l$jr expenonce^ 
no iDmeB .liarve fiei b&m woAod^ aU luo^ 
pfrw liniJ homMige oo^pniad firom obsfirrationa «i 
tiaa (ndiivo dMnct ^inU ^jbmI iiaio noOJ^ f^^p^ 
<iwB riliiiiwMiri .ahaobtely apjgrioiia, becanae it wifl to 
JBtady^ paBRWBtt bis ^psjipng: Attention ito the so^ 
^f tiiose who-JuuROf stuped mnneKal veuia ob 

XUs Btndy fiimw ■oao d^artr- 
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ment of Geology, and tlie mine-agent who 
most of it, is most likelj to conduct mining* open* 
tions with success. A person of this kind is too 
often branded hj the ignorant with the epithet, 
' theoretical/ whereas, he is in fact the really piae- 
tical man, because he concentrates and combines in 
liimself the knowledge derived from the observatioiis 
of all practical miners in every part of the world. 

^* The benefits which Geology can confer on agri- 
culture are neither few nor trifling. Our limits win 
not permit us to point out in detail how the nature 
of a soil depends on that of the rocks from the dis- 
integration of which it was derived, nor to show 
liow particular plants affect particular soils, in 
'which, in a state of nature, they exclusively flourish^ 
and in which they flourish most in a state of culti- 
vation, so that by consulting a good geological map, 
of a given district, we may predict, before we ent^ 
it, the species of crops which will be found most 
oxtensively cultivated there, and which experience 
has proved to be best adapted to it. 

" A due mixture of the earths in a soil is essential 
to its fertility. The most productive districts of 
England have been made so by nature, and owe 
their fertility to this mixture; and it is by copying 
nature that we must proceed in our endeavours to 
improve those that are barren. Neither pure clay, 
sand, nor chalk, afford productive soils. Those toe 
the best which contain a mixture of the three earths^ 
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silica, alumina, and lime, "with a portion of decom- 
posed animal and yegetable matter. These are the* 
soils, so much coveted by the farmer, which will 
bear repeated cropping without manure. The prin- 
dpal ends proposed in agricultural improyement are, 
to render wet soils dry, and dry soils sufficiently 
moist; to render adhesive soils loose, and loose soils 
sufficiently adhesive; and the proportion in which 
the earths above mentioned should be mixed for 
these ends, must depend upon the climate and the 
sabstratum. Aluminous, or clayey, soils retain too 
much moisture, and siliceous, or sandy, soils part 
with it too rapidly; and a soil, good in itself, may 
be rendered unproductive by resting on too retentive 
or too porous a substratum. Draining or irrigation 
are in such cases the remedy. When one of the 
earths prevails in a soil to the exclusion of the 
others, great improvement may be effected by the 
addition of that which is deficient, and it is asto- 
nishing, as M. De la Beche has remarked, that the 
superior fertility observable along the line of junc- 
tion of two rocks^ occasioned by the mixture of their 
component parts, has not oftener induoed agricul- 
turists to have recourse to various artificial mixtures 
of the materials of rocks adjacent to each other* 
There are districts in which such mixtures have 
been practised with the greatest success; but, in 
general, farmers rely too exclusively on farm-yard 
manure. Clay, sand, and limestone, are, neverthe- 




l«ii^ miflenl iiwwiw of tlw gnsftMl. 
iMife AiiigMi tli0iM of witolr^iitnrflp iiMi 
brfbre ewupwtfygl y Imrw, Bfiack 
eiatiitslbii «f Ae tDaiuM te«i 
iitar attiMil and TCgataMc 

*^Tlie ebtyey kii€t« erf Eiwn haiv bem ^wlljr 
inprovad bjtlieiBeof eluA* TlwMte«p«vA» 
lEmd' in aereral wsfi. It deeenqiosBBnijiSw^ mdhy 
saA mme aekb in eemftntttibB, mUaMy 0MMmg^ 
the 8o9, and wfakk nra pie^itdkiil to 
and itaetstSiedtaniealf^b^ieBdm^Aeflnl 
pemom to noisttiie^ aad aftnding' gxestcr fsnlifeiv 
to lite roote of plaorts to expaad. Whoi eha&i is 
sot flt liand, a dreamg cf sand or fina grevel wS 
fMPodttce aome of theao reaoUB, particniarljr if it cav* 
tains cakneoBfl matter, in tko shape of feagaaoati 
of BnieatoBe or sheila. Clsy, again^ is e^aaBjr 
effieacioua on sandj aofls, bj increasing the peww 
of tfao soil to retain moistiiie, and by enabling the 
roots to maintain tiiema^ea firmly in the gronnd. 

^ In Horfolk and Snfle^, Tast tracts of land, 
whieh were before meapable of beanng oom, Ba^Fe, 
by the appiieation of day, been made to piodaee 
good crops of wheat, barley, clover, and turnips. 
Thns a greater number of cattle are kept npon a 
given area, and the qnantity of animal and Tegetabie 
matter retnmed to the soil is proportienably in* 
creased. The minoal mannres are, in general, too 



Wf9tikkm$ Mt ef n^bb- teo ^bitm> mam vOo thr 
aiiiM)y 4Hi4 mrm^ m^ ftiiBt diatriots. wbei» ihtryf w» 
stjiflMifliiey «fe Jra^neiillf bfongki Ikon « dlflUBot^ 
Tiiictty ihiNlgiiiMl Yiiibk 0fr liM suffifeee^ they leaoiii 
^ » siMdl 4ef4b bdov it, sometimeB andctr the my 
MA fev lb» kfiiMranreniftBt «f which ihejr am sequimd^ 
Ni^w, wlio, we woaM mIb, is itiosilikciy to Hmmffpn 
a^em^*^*-}^ wh» Aiver : loai» deeper kite the Mitk 
thm ih» bottom «f hk ditcbsi, or he who studies 
the peatk^ of tocks, with f especi to each other, md 
fbr thi» pufposie esttuiiiei every iuitiir»l seotien bjr 
whkb they are exposed to Tie w in clifti and ravinee, 
sasA etery artificial seetion laid open by miaie^ wtll% 
and #4&er eaEoavatioffis. 




'^ Lei A B, in the annexed diagram, rerpre- 
eeflt the surfaoe of a district composed, like some 
oi the eastern parts of England, of strata of sand^ 
clay^ and gravel, resting npon chalk, all the strata 
having a flight inclination to the eastward, or to- 
waids B: a fanner cultivating the sandy soil at a. 
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knows, for he observes it in riding to market, tbat 
at a certain distance from his own facm he shall 
cross a tract of clay, ^, and that, after leaving that, 
he shall meet with sand and gravel again at Cy and 
that at d he shall quit the plain and reach hills of 
chalk. But he does not know, and he would pro* 
bably laugh at the person who communicated the 
information, that all the strata 5, c, and (^ are to be 
foimd under his own land at a, at a depth propor- 
tioned to the thickness and inclination of the strata^ 
80 that a bed which, in one part of an estate will be 
at a considerable depth, may rise in another very 
near the surface. But these are points to the deter- 
mination of which the geologist applies himself and 
having ascertained, from the nature of the embedded 
fossils, that the stratum, a, is the crag, and b the 
London clay, — ^he knows that by proceeding in a 
direction contrary to that in which the strata dip^ 
he shall meet with the sands and gravels of the 
plastic clay, as well as with the chalk, rising succes- 
sively to the surface. 

'^ A knowledge of the stratification of a conntiy 
will also prove valuable to those engaged in agricul- 
tural improvements, by enabling them to drain their 
land more effectually, and at less expense, than by 
the ordinary methods. A good soil, as was before 
observed, may be rendered unproductive by resting 
on a bed of clay, which holds up the water, and 
there may be a porous bed again beneath the clay* 
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Now, if the thickness of the clay is not too great, 
such land may be freed from excessive moisture by 
perforating the bed of clay, and leading the surface- 
water into the perforations. 

'^ The dip or inclination, and also the ^ faults' or 
dislocations of the strata of the district, ought to be 
studied with the same view. These faults are fis- 
sures which traverse the strata, and produce two 
opposite effects with respect to drainage, according 
to the nature of the substances with which they are 
fined. Sometimes they are peryious to water, and 
then they act as natural main drains, into which 
subordinate drains may be turned. In other cases 
they are filled with day, and then they act as 
natural dams, holding up the water in the strata to 
a higher level on one side of the fault than on the 
other. A fault so filled is often traceable on the 
surface, by the land-springs which break out along 
its course, arising from the pent-up water struggling 
to escape wherever there is the least resistance; and 
cases will occur in which, by piercing through the 
fault, vent may be given to the water which before 
burst out at several smaller openings, and the land 
may thus be laid dry at a cheaper rate than by con- 
tending with each spring individually. This water, 
which was injurious in one place, will sometimes be 
, in sufficient quantity, when thus collected into one 
channel, to improve another part of the estate, by 
being employed in irrigation, or by being made to 

d 



PRSLIHINARV DISCOURSE. 

an ot^nbot^^eel. . Ailesian-welk \hxve laken 
bond, !io obtain a suppty df "Wftter 'for bodi /ttviae 
•imrpMBs. 

*^ The nature of a cooiitoy^ffiCfloiiieiimeBffladiitimt 

*it isdertitute aimymm> and gnria«e*^spi i i^, 'anft 'then 

'ihe rpoptlfttion aire dependent i&nassiqppty of 'waiter 

upon ihitt'WhuJi can be* obtained b3rineaBs of irei^ 

■ deep 'wtiky'oritponiibat ^diiah.t£idl8Elr«niHEe ntnio- 

i-sfibere, ssaod lia ^cblleeted fin r poods cor tanls. iSbe 

-twflter'denfed ham tius: Jobbbt eenirce 46cobtabxcJi.*«t 

ra igiest'.eKptfnae; tib&t deiiiisd rfnomL&eibitter ^islby 

no 'means yrboleaoiae, ?ainl is .liaUe'io iaS. rin :diy 

snmmeifi. /In sutth^seasons/^vce boiEerseeniibe^opB- 

lation of an etztenshs .pazilb.sdnio8t"fi^liting. for ike 

green unWbolesome water of ^'mnddyvpcnid; and 

oases baye oecntred, in^wbicb it: bos been -necesaaiy 

ito drive Ibe^eaitle'SO &X todriidc^ibfli; by tfae^time 

they xetamed, tiisy^owere ns tthixsty ^as mfhen tiiey 

^started. ^Eow.^gxcater' benefitscooraid'-bexonfeRed nn 

a vdistrict ^eo cxraBmatanoed^ilban ^the teetaldishni^it 

in it< of Artesian wells. 

^' Artesian walk laxe 'notfaiiig snofe Ttbnn .peiEEna- 
tions a few indies in d]aiB^er,^.nHHlettlmia^:the 
.strata with the ordinaiy boring^tobb, -anld viheir 
aetion arises 'from the natnzaHendency tyftwatcT'to 
find its level. It is onlyunder^eestaini oanditions of 
.geological structure, diowever,' that .ihey can'«acceed; 
«and the) structure of the district xnTwhieh it is pro- 
posed to iintroduoe ihem^ ought to be ;thorQughl7 



,^ilpfHH<|ga;^ bf^ftwe ui^ybQmg^ fare jotten^)*^,, J)e- 
«qWW»* ik^^ <«>ft« .0^ tb^e ««:dls «^y te ;g»ad^ jbr 

^jfXbm^ whp MfSf mk jKff»xe imr mmiix ^tgfiod j:s^s 

Mmeg^wm^^tist^ prcidttce of jtl^e JandiP.Sk m^^d&Kit; 
jipd fi»th«r«fi>r ,jji&,i¥()pi»3rQmQ]it.o{ ai^y or ihe Jcoar^- 
tion of new roads, a knowle(|ge u^ tb^ 9Jbrat^ .oyer 
^l\IQb'i;li^7t^ei&jn»e4, i8,pf:tlipaitmo8t iw^p«rtftnce. 
Jll^ ^duraViJjIi^ pf ^ .rqad 4^p^ds,^ip a ,g^at m^^ 

iMUAH^ ^ its iowdaiticai* Itbese jxwts .9^> in 
jiaiim|» Aqp ^ufibAMfglept^d ^jQiQae M> ydxom .the 
ip]3BfttianM.Qf iHQftda :is ani»u9tfi4».ibjs Qbief tobj^ots cof 
4iimAofi being rUh^ ftho^tewig tf difttanfie, ^ditbe 
.aisdnfltio9 *af .aopU^j^^^*^ .tp jGibtavi.tli0.sie^ » .roM 

.49 ^qftQH ^saixipd AYor ;^facat£k c^ftSoxdij^ ifin w&itable 

im^j»fid 4ml4p io Jteipont ,Und<;@]^p^. Sqft and 

Jbftd 9hmp JB aUoir^gttjB«jtly .exoplp^ftd, b^gause it ,i8 
.nfiftr ^ ilmid» wto Mtfr materia iQlgbt J)e 

Msaii^ .&Qm .» .distouir^f) ..by meaa^ ^f cap,als i^id 

.Mib!0^jS9>-dtjk^maJl (a;ikae;xpeng^,,wh]^h.,would be 
MMf^ «0djQMa:e^0j)P2niP9l> bQlsa]i3e<pf tb^irgroi^ter 
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durabilit7, and because when nsed^ they affoi'd a 
gobd^ instead of a bad road. On tbe other hand, 
stone of inferior quality is often brought from a dis- 
tance of several miles, when better exists much 
nearer; not quarried, it is true, nor visible on the 
surfu^e, but easily discoverable by the eye of the 
geologist. Hardness is not the only essentHil in a 
stone employed for the repur of roads. It is re- 
quired not only to resist friction, but also the 
crushing force of heavy carriages, moving with con- 
siderable velocity. Hence a certain degree of tough- 
ness is necessary to durability. Yet when hard and 
tough materials are both at hand, the latter is often 
neglected for the former. 

^^ There are situations in which flints from the 
chalk, and chert from the green sand, might be 
obtained for the roads at the same cost. The chert^ 
as the toughest, is the best; yet surveyors of roads^ 
looking only to hardness, or perhaps merely adhering 
to established custom, almost invariably prefer the 
flints. Masses of greenstone, again, are of frequent 
occurrence in the midst of granitic districts. Granite 
is reduced to powder under the crushing action 
of wheels much sooner than greenstone, owing to 
the superior toughness of the latter, wluch arises 
from the presence of the mineral called hombleiide. 
This mineral enters largely into the composition of 
"^ most of the trappean rocks, a numerous family^ 
which, though differing much in ext^nial aspects;. 
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all possess, in a greater or less degree, the toughness 
essential to a good . material . for roads. We will , 
illustrate this subject by one or two examples. , 

" The improvement which has taken place of late , 
in the roads in the neighbourhood of London, must , 
be well known to most, of our readers. . Much of, 
this has been e£Fected by reducing the surface to a : 
better form, and by applying the materials used, in - 
a more judicious manner; but much has also arisen . 
from the selection of better materials. 

*** Under the old system, these consisted exclu- ». 
sively of gravel raised in the neighbourhood, much , 
mixed vdth sand and clay, from which it was diffi- \ 
cult effectually to clear it. In mineral composition, ^ 
it consisted chiefly of flint, but the pebbles being 
for the most part round, could never form so solid a ; 
mass as a layer of angular pieces of stone. The first 
improvement was to substitute for this gravel, broken 
flints from Kent, brought up the river Thames. 
Possessing hardness only, without toughness, their 
brittleness was found to be an objection against 
them, and granite was substituted. This was found ^ 
more durable, than flint, but, less so than a horn- 
blende-rock irom Mount Soar Hill, in Leicestershire, , 
which is now chiefly employed, and with manifest . 
advantage. 

^'The surface of the counties of . Lancashire and 
Cheshire is occupied chiefly, by the new red sand- 
stone formation, which affords no road materials,.^ 
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boi rtone €^ the most fisaUe kmd^ Tie iMds of 
tbis eztensYe cBstrict aiir How supplied iri&#«nqp^ 
rock frooi xeflniaeif l&wir oif- tiie ooest o€ OMnutt^ 
TOiiniire^ and- the' ^pumHily tdwd is so* 0^*6^ wsit ewcn 
st file low pffee st wAScli it is dttpplied, Ai^pefSiMis 
who lore talcenaleaawof tbescfioekraiierie^ia&ig 
MMffi pfOfitSw Stonif of ihtf sttfitf Iciinr ousvus ni 
Buuy ports 01 the' Sdowt^fouiafr <^aiii, htot iiowhM? 
SO msr zac^ ssa^ exoepc xii Vj^jtCTincfvoii' istcym w w^- 
erer, therefore, fliukQ sttcceed in disooterifig wftfaiii 
ils» dberict tfatur 8app&e4 af Atts tff thfpp^M^roct, 
sorftnated ss tor b)» esteity qnanidd; nfiiy^te sfesitt«d 
th«t he has nlade a i^ai&al)]e diseoveiy. Kr. Jdiftu 
chSsoii hae diowii that itf a part of Shxopi&i»^, tfa^ 
pMi-^cks h«te htM iht&tsgh ibBef l^ atasSMMe, 
atid it is bf m means' vit^pnfMbl^ tha/t Ais' i»lio« 
misf har^e beetf pfolou^d into" Ohes&ire; 

^AiieAlSm to &e direetiotf hf ifi^^h ttkb sMttl" 
dip-, iriB freqttentlj sate cimsitierable expense; boA 
iir ike first eeiatniK^iotf, and futtff^ imimUxeaas!o& of 
a foad, when it* is carried along &e side of Sk Ml 
tkr6trgh^ a stratified- cGtmty. 

'^Let A ii&pt&B^et ai Yalfejr beffWeetf A& hS^ 
V and* d^ <xmp06fei cf ttsmy ait^ttfMid&s^ of shu^ 
attd sand^stolii^, &atis^ ^ St«e]^ Sti^i m iSM &iad th«r' 
beds of B not been removed, they woifAf htife 
GOtmed* ihsm of t&^ 'bSBt <f, 1M afixti i'^ mofw^eri 
biertWb beds of Ioom ^migtms, ott opposi^ sMes of 
the ir&lteyy with b^db of clby or di«(le«beiteatk theflkr 
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by frosts. An improYement in this nspeci kis 
lately taken place in the substitution of gnnite &r 
sand-stone in many of our public works; but the 
Indiscriminate use of this material may be attended 
with bad effects; for some yarieties of gnuute, 
though hard and difficult to work when first laised, 
afford a bad building-material, from the zaj^dity 
with which they decompose. 

^' We have now taken a rapid glance at some of 
the practical advantages resulting from the study of 
geology. The subject is by no means exhausted^ 
but the limits of a work like this will not admit of 
further details. It remains to speak of other bene- 
fits arising from the cultiyation of the science, less 
direct, it is true, and, to some minds, less obvious, 
but not the less important, because they cannot be 
made to enter into a calculation of pecuniary profit. 
As an employment for the mind, and an exercise of 
the reasoning powers, Geology may be placed in the 
first rank, second only to the exact sciences, and in 
some respects superior to them, because it requires^ 
the exercise of those faculties, and employs that kind 
of reasoning, for which we have daily need in the 
conduct of human affairs. We observe the changes 
taking place around us in the organic and inorganic 
world, and we trace effects up to their causes; and 
then comparing like things with like,- we infer thai 
similar effects were produced by similar causes in 
the ages that are past. In this investigation we 
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lOkYe often' to weigh the cbnflicting evidence of appa- 
rently irreconcileable phenomena, we are perpetually " 
seeking analogies,' or detecting differences, or com- 
bining and generalizing ' scattered facts with which ' 
obeerration has furnished us. Occasionally, too, we 
find ourselves obliged to retrace our steps, compelled 
by new facts to abandon generalizations, founded on 
imperfect induction. Surely all this must tend to 
produce habits of acute observation, patient investi- ' 
gation, and salutary caution, in suspending our 
judgment in the absence of complete and satisfactory 
evidence; habits, these, of the greatest value in the 
affairs of life; and we must be most unapt scholars 
if we do not also learn from it this great moral lesson 
•—that it is ' possible to acknowledge ourselves to 
have been in error, without either compromise of 
dignity or loss of strength. * 

^^ Geology possesses this advantage over most 
other sciences, that with discipline for the mind, it 
combines, exercise for the' body. The geologist 
breathes the purest air of heaven, amidst the loveli- 
est and the sublimest scenery of nature^ whilst ex'- 
ploring those mountain-recesses, where her. mysteries « 
are best revealed; hardy, active, and enterprising, 
he xaages through all the realms of Europe — now 
001' the' summit of Ben Nevis — now in the caves of 
Staffat — ^now among the wilds of Gonnemsira, and 
now in the valley of the Amo. 

'^ €^logy can only be thus studied by those who 



ate gifted with:leunureaiidafflaeiBBe,.orb7 tho8B)w]iO' 
follow it as a pcofessioii.; but^, on a. lew CTcfceBded 
fieale, it is av^ailaUato tiie maa of buBinBss'' and ibe- 
maitof humble. inooDiB.. The nob. and. the ^tmom- 
ployed will fbdi io: it a snbstitote f or mnxypamab^ 
to which- they* are driven' as>a xesmuoe ajjainstranmi^ 
and he who is- engaged in;.active pnxmits, magr resoit 
to it as a lolazation fibm^toil and can. If a. state 
of total inactivity is. unsoitable for man« so'likswase 
is.a state of unnemitting laboun RM and leovea^ 
tion we all require: change of emploj^mentis often 
equal toxepose ; and where can; we find employment 
or recreation so refreshing and invigorating^, both tO' 
mind and body, as this? 

" Geology has fields of research suited to every 
labourer, and to every capacity. On* some of its- 
investigations, the highest intellectual, powers, and^ 
the* greatest acquirements in abstract science^ may 
be brought to bear, while many of its problems may 
be solved by any one who> has eyeaand will make 
use of them. Extensive travel is requisite to alibidi' 
comprehensive views of tiie stmoture of the esa^ 
and to prevent our generalising ficom' too liadted an 
indtiction*; but he whose* travels are confined within' 
his native country, or within a circte of twenty ndlea 
round' his own house, may add much tl> our 
Mige. Nor is this claKH of obsecvQra by any 
ihe least useful. He who makes a luurf^ ffiBcmsioB 
iaW a'distoict, can give but a generai- ontUam^ its 
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stnUrfctrr^, Ilbsitingtntfny important points of detkil to 
bfe Iffle* ttp hy teMent oteerveis. If we viisit the 
sflEtiB cliff' 01: the saeme* qtiBxry daily, for years, we 
sfiall^ at every^' Tifiit; be rewardfed with something 
new ; amd there* are t&^ districts barren* in objects of 
geological' interest; however ' deficienlr they may be 
in fhe-beattties of picturesque* scenery*."' 

We have seen that geology Has very great pntc^ 
tical advantages, aticlt&at it is albo eonducive to Utie 
imptotemetti of out mindb. jR^or does it stop here ; 
iftalres'st yetim>rt» e^raltedstuud; thi& science is at' 
the ^smetlittie' ^i&e efficient auxiliary andfhand* 
maid of rel%5t)ff/* Wherever we direct our re- 
sear^eriirtUre naturai'woilxl, we meet with dMnct 
trsuses of a contit>lliag' Intelligenx;e, and thus this 
etetploymeut of our iiatettectual faculties leadbus to 
the contemplation of the great First Cause. Andf ' 
tiougfr, wit&out t£e aid! of Kevel&tibn, we may ntot 
be able to discern the motatgovemment of the world, 
by "the exertise^^of our reason: we discover abund- 
a]Bt cfvidences of the existeuce; and of some of the 
atrribtrtes (^ a Supreme Creator; and apprehetd lAe 
ofjeratwus of mainy of tie second causes or instm* 
mentaf agents, bywhieh He uphofidsiSie meefiai&m' 
<rf the tsaateriaf worWPt f 

Where oirder, wisdom, goodhess, providence, 
llieir flMlegtf'fltiMtoles^of l6v« ^htf, 

* MoffOMme of PopuUr Seienoe. 
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Geology doei9 not attempt, and indeed is ** 
ble of fpynng, any distinct and adial a c to iy 
of tiM origin of tlie nnivexBe, or of its parts. We 
need not wonder then at any particular instance of 
this incapacity; aa for example, that of the impoa- 
lability cfi accounting, by any natural mean% ffx- the 
pf odnction of all the snccesBiye tribes of plants and 
aaimala which hare peopled the world in the Tarioos 
i4ages of its progress, as geology teaches us. ■ That 
they were, like our own animal and yegetable con- 
temporaries, profoundly adapted to the condition in 
which they were placed, we have ample reason to 
beliere, but when we inquire whence they came into 
this our world, geology is silent. The mystery of 
creation is not within the range of her legitimate 
territory; she says nothing, but she points up- 
wards*/' 

Great as is the progress that within the last few 
years has been made in geology, and replete with 
interest aa are the discoveries recently brought to 
light, this science is still far from complete, mucb> 
very much, yet remains to be accomplished. A 
very large portion of the globe is still geologically 
unexplored,' and a true theory of the earth can 
scarcely be formed, without a much more extended 
acquaintance with the strata and their organic 
contents in all parts of the globe; and even then 
any hypothesis will be imperfect, unless we can 
• WHXW£LL*8*/fM^ofy qf the' Inductive Sciences, 
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obtain^ from adequate facts, the laws of change of 
the organic and inorganic creation. '^ And we have 
yet to learn," observes Mr. Whewell, "whether man's 
past duration upoii the earth — whether even that 
which is still destined to him — ^is such as to allow 
him to philosophize with success on such matters ; 
whether man, placed for a few centuries on the earth 
as in a school-room, have time to strip the wall of 
its coating and count its stones, before his Parent 
removes him to some other destination*." 

* Anniversary Address to the Geological Society, 1839. 
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INTRODUCTORY REMARKS. OBJECTS OF GEOLOGY. 
THE earth's crust. 

The highest aim to which the human mind can be 
directed is the investigation of truth ; such may be 
considered as the proper object of all Science, more 
especially when applied to the study of the works 
of nature. And if, in this delightful pursuit, we 
regard nature as ^' a rich storehouse for the glory of 
the Creator," we shall be led to the perception not 
only of truth, but also of supreme goodness : for 
'^ certain it is, that truth and goodness differ but as 
the print and the seal; for truth prints goodness." 
An acquaintance, however small, vnth natural philo^ 
sophy, must £11 our minds with awe and admiration 
of the Divine Author of all things; and an increased 
Icnowledge of the book of nature tends to the con« 
firmation of every feeling of true devotion. '^ In 
every age the evidences of revealed religion have 
advanced with the progress of sound knowledge: 
indeed, it cannot be otherwise, for the God of nature, 

B 
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!9?ho9e opeuttians it 19 the province of adeace to 
«sploxe, ifl the God of the BiUe ; asiid both systems 
of knowledge, thus emanating &om the same soarce» 
nrnst hannonizo with each other*." Therefore, — ^to 
adopt the hinguage of one^ who, from his having 
been the first to lead to the interpreUtion of those 
laws which nature has received from the hands of 
her Creator, has been st jled the Father of Philo^ 
BOphy^ — ^^\ei none think or msuntain that a man 
can search too far, or be too well studied in the 
book of Ood's word, or the book of Gods works; 
bat rather let men endeavour an endless progress 
aaskd pf oficieney in both ;-*-<mly let them beware that 
they apfdy both to charityt." 
. The more Sdenoe is investigated, the more does it 
become evident that each branch lends its aid m 
elucidating every other, and that a dose union 
•xists between the whole. In a circle so complete 
and so harmonious, our point of starting caia be of 
Kitle moment; as inhalutonts of tlw earth, however,' 
some particulars of the ground on which we tread, 
and of its natural productions, will perhaps form 
both an interesting and appropriate commencement* 
This will include Gboi^ooy, or the Earth in its 
former condition; and Physical Geography, or 
Idle Earth as it is. On the present occasion, we will 
confine our attention to the former subject. 

* Rev. J. Williams, Missionary Enterprises, 
■f Bagok^ Advwtoement ^ Lewming, 



**lii ibe liegbLt&iiig GtKi created the heaven^ and 
tiie earth.'' When that ^'beginning" was, we ard 
mtfi ittfoimed, nor does it belong to the Qeologist tO' 
inqtdre; it is enotrgh for him to know that €k)d 
created the earUi : he attempts not to pry into its 
origin, but simply extends his researches to the 
in'restigation of those changes which have taken 
phu;e in that portion of the globe to which the 
term, the ecartk'f €lruH^ has been applied. For, that 
changes of great magnitude have taken plaee^ wei 
meet with the most decided proofs; and geology 
must not be considered as a mere acquaintance with 
the names of a few rocks or of a few fossib, bat 
rather as a sdence whose object it is to present us 
with the history of these mighty rerolutions, and 
with the indications of order and deeign which per- 
tade the whole. 

An examination of the crusty or surface of the 
earth, shows us that it is formed of numerous hori« 
zontaUy-disposed layers, or strata of rocks, the 
greater part of which contain oryanie remains^ that 
&, the remains of animals and plants, which have 
become converted into a mineral substance, and are 
termed fossils. Among these, the most abundant 
are marine productions; in some instances, indeed, 
shells , and corals are so numerous as to con- 
stitute the principal portion of the beds; and 
ihey are occasionally found in so perfect a state, 
that their most delicate parts are completely pre- 

b2 
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wsr^ei. These remains are met with id afitnatieiks 
velfy far above tlie present level of the sea; atid 
since every part of the earth,^-6very eontinefti, 
every island, exhibits similar, or nearly similar for- 
mations, it appears that the ocean must at some 
period, not only have covered all our highest lands^ 
but have remained there for a considerable length 
of time, in a state of tranquiDity. 

These strata are not, however, Aways found in a 
horizontal position; for it appears that, in some 
cases, this ancient bed of the ocean had, subsequent 
to its tranquil formation and consolidation, been 
broken, lifted up, and disturbed in various ways: 
by which means some of the more ancient strata 
have been thrown into a highly inclined, and occa- 
sionally an almost vertical position. Upon these 
dislocated beds, more recent formations have again 
accumulated; and thus, in some parts, horizontal 
strata are found resting upon the older inclined or 
vertical strata. The rocks which form these various 
beds are not only of di£ferent composition, but con- 
tain the remains of distinct races of animals and 
plants, the shells and other fossils of the more 
ancient rocks differing from those found in the 
newer, and all (with a few exceptions, which will 
hereafter be mentioned) differing from those now 
known to be in existence. 

The successive changes which the earth's surface 
has undergone, and the influence these changes have 



fgcetmaad in bringing the earth to its pr^een^ con^ 
idiiioii^ will fonn the primary object of our hqvixy^ 
That .portion of the science to which the ^ex^ 
JP/daxmtoloffy has been applied, apd which include^ 
^^the beautiful monuments of ancient life, the fossil 
remains of animals and plants/' will not only assist 
9B as chronological data, but will render the subject 
peculiarly attractive, and also strikingly display the 
beneficence of the Creator. 

The earth's crust includes such parts of the earth 
as axe accessible to man s observation. This, how- 
ever, forms a very small portion of the globe, for 
the inequalities on the earth's surface, arising from 
mountains and valleys, have been well likened to 
the roughnesses on the rind of an orange, as com- 
pazed with the general mass. The earth is a 
q>heroid, (that is, of a round figure, slightly flat- 
tened at the poles,) whose diameter at the equator 
is 7)^26 miles, nearly ; and from pole to pole about 
7,899 miles. Now, as the highest known mountain 
scarcely exceeds five miles, which is little more than 
the sixteen hundredth part of the earth's diameter, 
and the deepest mine scarcely penetrates above half 
jSk mile below the surface, it will be evident that 
very little can be known of the whole earth, and 
that the term the ^^ earth's crust" is highly appro- 
priate^ and expressive of the narrow limits to which 
-geological researches can extend. 

The earth s crust is composed of rocks, and of 
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mribj Bobiftanoef. Wben inuieial substaJBow act 
foond in hardeaed mnaw^a, Hbey aft ienMd roeka 
Some rocks asre iknple^ tiutt ia, oompoaed of one 
noBeul aabatance, aa limeatone; olihen Mmpaumd^ 
or composed of two or mate kinds of mineffa]% aift 
gnonte. Earthy formaiunu inelnde aneh looae mar 
ieriala as, combined with decayed ammal and 'wege^ 
table matter^ or humw^ constitute the soil of meadow 
and arable lands, and, generaUj speaking, all beds 
that are not consolidated ; and which, in great poit^ 
consist of particles of rodcs reduced to fine dust. 

But though simple rocks, of which limestone 
forms an instance, are composed of onljr one minearal 
substance, limestone, or cathonaU of limey is not 
itself a simple substance, but a compound body, 
•composed of three elementary substances,-— namely^ 
oxygen, carbon, and the metal called calcium. Such 
inquiries, however, belong to chemistry rather than 
to geology, and the subject is merely alluded to, 
that the torm wmpUj as applied to rocks, may not 
lead to eironeous conclusions regarding their eon^ 
atitntion. 

About fifty-four substances aie known to chemists 
which have never been proved to be compound, 
^ski which therefore are at present ranked as el&- 
*mentary forms of matter. The most abundant in 
nature, and those with which on that account the 
student in geology- should be in some degree ao- 
quainted, on aocount of their entering largely into 
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.&e eompositiofn of voeks^ are nlidmn^ whioh fimMi 
tile base «f flint; cahimny which fonns that Of lunei 
«ad a/«»MSfMBiy whidi fonns the base of day. B^ 
sides ihese, we Bieet with fnoffnetium^ aodifum^ jpotov 
Mciii, adpkuTy carbon^ in^ffen^ &c. 

Oxj^n forms a constituent part of atmosphme 
aii^ and readily enteis into combination with a hagp 
number of sabstances with which it comes in eoa*- 
iact, and by this means the nature of these sub- 
etttnces is changed. Thus, if iron be exposed to the 
air, it becomes rusty, or more correctly speaking, 
«vMli2^*-4hat is, the oxygen enters into eombina- 
tion with the iron, and a new mineral substance, 
called oxide of iron, is fexnned ; if the metal siiidum 
jeome in contact with oxygen, it is converted into 
ihe earth called silica* Oxygen in its simple state 
is a light inyisible gas, but, when combined wiifi 
inetals it becomes consolidated, and sometimes forms 
little less than half of some q>eeies of rocks** 

The most abundant «art&« are silica, lime, alumina, 
and magnesb. 

Silica^ eUeXy otquartZy is an exceedingly abundant 
earth, and very universally diffused. It is found in 

• It may not be out of place to remark that the neuter 
'termination «m, as in silicitim, aluminum, &c., has be«i 
adopted to designate the meitU which forms the base of sia 
eiurth or other substance ; whilst the plural termination 9> 
as in silica, alumina, &c., indicates that the metal is in a 
state of combination with oxygen, and that it is not aid 
elementary substance, but an earthy or a aait. 
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neaAy^pare «tale in roek-erytkU, JIUu^agatByCptA, 
^Meedcfny^ and in the HUoBdm or JUn^wmtdei ike 
SB$r4hiom, It abo enters into combinaliaii yMt 
maay other snbstances, fonning roeky masses and 
minerals, as also some precious gems; snch » 
i|h« gmmst^ ameihytt. Sec, Silica is Teiy osefdl in 
ihe arts, and a mixture of silica and soda forms 
filass. 

- The art of making glass is said to have been acci- 
dentally discovered by some Phosnioian mariners^ 
vrho were boiling a kettle near the month of the 
river Beius* As soda is obtained from sea-weed, the 
probability appears, that this article may have been 
mixed with the silica, or sand, in such proportions as 
to form glass, and that these substances were fused 
or melted by the fire the mariners had kindled. 
!rhe sand of those shores seems to have been con- 
sidered as possessing peculiar virtues for forming 
glass, for we are informed that not only the manur 
factories of Sidon, but those of all other places, were 
for ages supplied from thence with materiab for 
that purpose. And even as late as the seventeenth 
century, this sand was still imported into Italy, for 
the glass-houses of Venice and Genoa. But it is 
now well known, that not only the sand on the 
shores of the Belus, but all fine silica or flint sand, 
is adapted for this exceedingly useful and beautifid 
manufacture. 

Water passes freely through sand; sand therefoco 



■dries 60 lapidly that no TegetatiQQ.ean thrive m i^, 
.wfaei» tuunixed; a circumstuice which zendeom Mkif 
tmots bttaren and destitute of vegetable produotioiM^ 
nnleea they are maintained in a constant staie of 
irrigation* 

liime is also one of the most abundant aild 
widely diatribnted earths; but is usually- Ibuiid 
in the form of carbonate of lime. As marbh^ op: 
^rantUary folkUe and compact limegtone^ and also in 
the form of marl^ oolitej chalky and lueuUkey it codr 
stitutes beds^ hHls, mountains, and even ranges of 
mountains^ The purest form of catbonate of lime 
38 calcareous spar^ which occurs in every formation^ 
from the most ancient to the newest member of the 
secondary series. England and Scotland abound in 
interesting varieties of calcareous spar, and the 
mountains, hiUs, and valleys of Great Britain, affoid 
numerous instances of the different kinds of carbo- 
nate of lime ; whilst its caves and caverns, and its 
calcareous springs, exhibit varied forms of cale-nnter 
and ealc-tvff; which are mineral substances formed 
by deposits from water, holding carbonate of lime in 
solution. The beautiful substance called Derbyshire 
spar, is jflttate of lim04 A distinguishing feature of 
carbonate of lime is its solubility, or capability of 
being dissolved in acids, which it neutralizes. Lime 
enters largely into the composition of animal bodies, 
forming a constituent part of the bones of animals^ 
aad also of numerous shells. 
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. AJuminaf or day^ caUed also «iyi/» b likemae a 
very abondant earth, and of great ioifKntaiioe te 
taanlriwdi It is lanl j fomid pme m nature^ but 
entcn laigelj into the oompontion of loeka; its 
most nanal form is that of feUpar, which, ia a cene 
pound of alumiiia and sifiea^ with a small portion 
of lime, of poiassa^ and of oxide of iron. In its 
purest form, alumina ia the principal ingredient of 
aome of the most beautilhl gema; snch as the tcpaZf 
u^hire^ &e. But it is by no means in this fom 
that alumina is most useful, its great importanoe 
arising firom its peculiar property of not pemit- 
ting water to pass throng^ its sabetaace; a oi^ 
cumstaace which renders it of inestimable Yahy 
as a lining to canala and basins of water; and 
also in forming natural reserroirs of that all-impot- 
tant material in the interior of the earth. Alnimiy 
is also of great utility on account of its property of 
combining readily with greasy substances, which 
renders it of the first importance in scouring cloth ; 
FtMeri earth, which is alumina minced with veiy 
fine ffllica, was in olden times conndered so valuable 
for the woollen manufactories of this country, that its 
exportation, eyen to Scotland or Ireland, was mada 
felony by an Act of Pariiament : and an old geolo- 
gical writer speaks of it as '^ a precious commodity 
of much higher advantage, and bringing in a mudi 
higher revenue, than the delves of diamonds in Qcl- 
conda, the silver mines of Fotosi, or the gold of 
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Bnsil*.'' Almniiia^ or daj, is likBwi^- of 
value lor nakiag brieks and tiles, as weU as all 
kmds of potterj aad earilieii-'vraie. The fiacsi sort 
of poioelain<«arth, or keuUn^ is a OQmponnd of silies 
aad alumina, geneiaU^r combined with a small poff* 
iion of magnesia. The great proportion of kaoUn 
ined in the English manufactories is supplied from 
-Cornwall. 

Ma^nma is by no means so abundant in nature 
as silica, lime^ or alumina; it enters into combi^ 
nation with other earths, and also with aoids. Most 
miiierals containing magnena haTo a soapjr fed; 
among these may be mmtioned iaie and ioap^tanA 
Combined with Ume it foims moffnenan limsitone. 
Both Kme and magnesia aire used in bleaching, in 
the form of chloride. 

Besides these principal eaiths, there are some 
salts which are rery abundantly diffused: these are 
potasaa, or potoik^ and 9oda. They are found in com- 
bination ¥nith the different earths, and form part of 
Tarious rocks. These salts are readily disBolyed in 
water, and thus those rocks into the compontion of 
which they enter, are liable to be acted on by rain^ 
and by the moisture contained in the atmosphere, 
and to Grumble away, or be disintegrated, 

Potassa forms an ingredient of sei^water; into the 
composition of which soda also enters in great abun- 
dance, in the form of muriate rf soda^ or common ealt, 

• Woodward. 



Mmiflte of soda it also found in marine plants; tt 
•tb aprings; and in a concrete or consolidated state 
in extenaye masses, wben it is known mdcr ibe 
name of rock-saH: it is met witk in this fiotm in 
salt*mines, and frequently occnis in beds ni vast 
tnagniinde. There are some Tery celebrated noines 
in Poland, which employ five hmidred men, and 
have been worked ever since the middle of the thir* 
teenth century: the quality of the salt in these 
mines, does not, however, equal that obtained from 
those of our own country, the principal ai which 
are situated in Cheshire. But the purest salt known 
to exist is perhaps that found at Caidona, in Spain> 
where the rock-salt is so free from admixture with 
other substances, that it has only to be ground in 
mills similar to our corn-mills, to render it fit for 
use* This salt is not situated in a mine, but on the 
surface of the ground, in a valley, which is nine 
miles in circumference, on one side of which rises a 
vast cliff of salt four hundred feet in height, standing 
on a floor of salt; and the quantity is supposed to 
be sufficient to supply the whole of Spain for two 
thousand years. 

Sulphur is met with in masses, in powder, and in 
crystals. It is usually divided into two kinds, 
eommofiy and wkanic, in reference to the situation 
in which it is found. Volcanic sulphur occurs in 
the vicinity of active volcanoes, and also in that 
of some which arc no longer in a state of activity. 



Vhe-rieditLTk&lAe • sulphur'-bed on tbe 9umlnit< bT 
Mknni Dcmave&d presents an instance of the ilatter, 
QanaoEt&iL siilphar is gen^idlj met with in beds of 
olajr, and dten in combination with silver, copper, 
lead, antimony, and iron. 

; Carbon is a non-metallic elementary body, which 
is widely diffused through nature^ and acts a aoH" 
mderable part in the mineral constitution of the 
earth. The purest, and at the same time, the rarest 
form in which it occurs, is that of the dicunand^ 
which is pure carbon. Another well-known sub* 
stance in which carbon is found nearly pure, is 
graphite^ called also hlaek lead^ and plumbctgo. 
Another form of carbon, though not so unmixed as 
the preceding, is charcoal^ which is obtained from 
the decomposition of wood by heat. Anthracite^ 
cuhny or tione eoal^ is a black, light, mineral sub- 
stance, and consists almost entirely of carbon in the 
black state in which it exists in charcoal. Anthracite 
is sometimes called blind coaly because it bums slowly 
and without flame; and also glance coal^ because it 
frequently presents a shining surface. The best 
kinds of coal, such as the Newcastle coal, &c., also 
contain a large proportion of carbon, in combination 
with bitumen, which is a very inflammable suIh 
stance, and is the cause of the bright flame that 
dieers our apartments in winter. United with 
exygen, carbon forms carbonic acid^ and in this "state 
it combines with yarious bases, forming carbonates^ 
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of tviucby caibonate cf lime^ or Umestaae, is aa 

These elementaiy stibstonces, however, lavdj <m> 
cur on the earth's suxliMse in a nmple or mieombined 
state: for, before the earth became fitted for Ae 
habitation of man, it appears that vast and important 
changes had taken place, effected partly by the 
agency of heat, partly by the action of water, 
and partly by that of the atmosphere. So that, as 
far as oar limited capacities enable us to judge, we 
find that the earth's crust has undergone a great 
alteration, and diffeis widely in its present from its 
original constitution ; apparently in its ancient con- 
dition not having been suited to sustain the par- 
ticular description of organic beings which at present 
occupy its surface. It further appears that the all-* 
wise Author of nature has employed those changes 
which it is the object of geology to inv^igate, as 
the most efficient means of rendering the earth a suit- 
able habitation for man, and for that race of animals 
and plants which appear to have been placed on the 
earth contemporaneously with him. And thus, whilst 
contemplating the ancient history of the earth, we 
shall perceive that the Creator, being all-bountiful 
as well as all-wise, and possessing, in a super-eminent 
d^ee, that attribute of goodness which delights in 
promoting happiness, instead of exercising His omni** 
potenoe, and issuing the decree, ^ Let the earth be 
fit for man's abode/'--*p]aeed on the globe organio 



beings suscept^iifi of enjoymexity. and suited to its 
conditioa at the particular period in which tbey 
were created^ at the same time causing these crea« 
tores of His hand, as well as others of the yegetable 
kingdom, to be instrumental in adapting the earth 
imr man's reception. 

It has been objected, that the Bible gives us no 
account of these changes, which so evidently appear 
to have oecurred antecedent to the creation of the 
human species^ But in fact, such explanations 
would have been foreign to the dedgn of Holy Writ. 
We find two special objects kept in view in the Old 
Testament — the one, to turn men from idolatry; the 
other, to direct their attention to the promised 
Messiah:— -to* iieither of these points would a de* 
scription of the revolutions of the globe in any way 
have tended. For these purposes, it sufficed to 
declare thai God was the Creator of all things. And: 
if we investigate the subject, we shall perceive that, 
m the Mosaic account of the Creation, those crea- 
tures are more especially alluded to, whidi formed 
objects of idolatrous worship with the nations among 
whom the Israelites dweli. In this catalogue, the 
son and moon held a conspicuous place; and accord*- 
iBgly, we find ^Hhe greater and lesser lights", par* 
ticularly specified: though we may conclude, thai; 
these luminaries, (at least the sun,) had an existence 
prior to the fourth day: the first Divine command 
recorded being, '^ Let there be light ;" and we also find 
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ibat erening and morning', which are dependent on 
the son, are mentioned as having already occurred 
three times. It appears probable, therefore, that God 
may not have created the snn, and moon, and stars at 
that period, bnt that He then appointed them for signs 
and for seasons, when an intelligent being, capable of 
•bserving those signs and seasons, was about to be 
placed on the earth* The sun in all probability had 
existed for untold ages antecedent to man's creation, 
and it is impossible for us to determine whether the 
fiat of the Almighty, **Let there be light," may 
have had reference to the remoyal of temporary 
obscority, caused by some convulsion of nature, or 
whether it may have referred to the diffusion of 
the more glorious ^^ uncreated light," when man 
became a living souL 

As we proceed, we shall take occasion to notice 
some particulars, in which the conclusions of the 
geologist are remarkably confirmed by the Sacred 
Writings. And we shall also, whilst pursuing this 
subject, be led to regard with gratitude and admi* 
ration, the beneficent providence of the Creator^ 
who amid all the changes which have taken place, 
appears ever to have kept in view the benefit of 
man. His ^^master-work," a creature capable of 
being 

Magnaoimoiis to coRespond tnth heaven, 
Bat grateful to acknowledge whence his good. 
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CHAPTER II. 

HJKST&ATIFJBD ROCKS. PLUTONIC BOCK0. TRAP 

BOOKS. VOLCANIC ROCKS. FAULTS AND DIS- 
TURBANCES. 

The rocks which form the cmst of the earth, are 
divided into Hratifiedy and nnstroHfied. 

Stratified rocks are such as bear evidence of hav-* 
lag been formed by sacoeseive deposits of sediment 
in water, all stratified rocks being considered of 
aqueous origin. They are called sfcratified, because 
the materials of which they are composed appear to 
have been strewed or deposited in successive layers; 
and (ipteowy because this has been effected \by the 
agency of water. These include sandstones^ clays, 
limestones, &c. 

UhstraUified rocks are such as appear to be of 
^neou9 origin. They consist of a variety of crys^ 
taUized, and some uncrystallized minerals, many of 
which are very similar to artificial products, formed 
by the heat of a fiimace. They are called umtrc^- 
t^ied, because they appear to have been formed by 
fusion of the mass of which they are composed, and 
not, like stratified rocks, in successive layers; and 
iffueaw, because this has been effected by the action 
of fire, or heat. These include granite, basalt, 
lava, &c. 

In some instances we find that both aqueous and 
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igneous agency hxve been instrumental in the fonna- 
iion of a rock. That is, a rock has been originally 
formed in strata or layers^ but subsequently, by the 
action of heat, has acquired a crystalline textnre. 
Mr. Lyell has proposed to call this description of 
rocks, metamorphie, or altered rocks. 

Unstratified loeks may be divided into three 
classes: — ^Plutonic; Trap; and Yolcamc. 
- Pluionie rocks, (so named from Pluto, the fabu- 
lous god of the infemid regions,) are rocks which 
present the appearance of having been formed by 
intense heat, at a great depth in the interior of the 
earth, and of having cooled under the pressure of 
super-incufnhent^ or over4yin^ rocks. The principal 
rock . belonging to this class is granite, which is a 
very universally diffused rock, generally forming the 
base of all the stratified rocks in every part of the 
globe. Until within a recent period, all granitic 
formations were supposed to be more ancient than 
any of the stratified rocks, and to have become con* 
solidated previously to the creation of any animals 
or plants on the surface of the earth; but it is now 
ascertained that M granitic rocks are not of ao 
ancient a date, but that they have been fonned at 
different eras: for granite veins have forced their 
way through masses of other granite, and also 
through stratified rocks containing fossils. From 
this circumstance, it appears, that the newer granita 
must have existed in a liquid state in the interior of 
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stances, ihd rock calkd sacndstone, has been 
served to be transfonned into qnaarte; limestone^ 
into crystalline marble, &c« A remarkal^ isr- 
stance of an intruding mass of granite passkig 
tbrougb stratified rocks, occurs near Christiana, in 
Norway, which place was visited by Mr. LyeH, in 
1837. This newer granite has forced its way- 
through some rocks, (belonging to the Silurian 
group,) containing fossil shells and zoophytes; and 
has not only sent veins into these rocks, but actuaJlj, 
in some degree, overtops them: it has also altered 
the appearance of the rocks through which it passes, 
making them truly metamorphic. It is not impos- 
sible that such phenomena as these give rise to 
earthquakes, and to the upheaving of the land, which, 
as we proceed, we shall find has been observed to 
take place within the observation of man. 

Granite^ generally speaking, is a very hard rock, 
and on this account is particularly valuable for 
buildings in which durability is an important object: 
Waterloo and London bridges are built of granite. 
Some kinds of granite, however, owing to the dif- 
ference in their composition, are apt to crumble 
away when exposed to the action of the atmosphere. 
Oranite has received its name from the granutar 
appearance it presents: but, owing to the difference 
of its composition, it varies very much in colour. 
The substances of which it is •composed are, quarts, 
felspar^ mica, and hornblende: the most usual com- 
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^tiaaticm is quartz^ felapar, and mica. Th^ latter, is 
a -minend presenting a shining silyery . s^jui^iae, 
and <eapalde of being split into very thin elastiq 
leaves or seales ; the brilliant grains occurring in 
granite are particles of mica. Hornblende is of .a 
deep greenish gray or black colour: it is found i|i 
masses or in crystals. Only two of these minerals 
are present in some kinds of granite; whilst others 
contain the wholb number. A variety of granite^ 
called syenite, (which name it received because it 
was first brought from Syene in Egypt,) is a con>- 
pound of felspar, quartz, and hornblende. 

Another variety of granite is called porphyry. 
The particular rock to which this name was originally 
given by the Greeks, was of a red colour, with small 
angular pieces of crystallized felspar diffused through 
it. The term is, however, applied by modem geo- 
logists to any rock of granitic formation through 
which crystals of felspar are diffused, though the 
colour and composition may differ from the Egyptian 
porphyry. 

Greenstone is another unstratified rock; it is 
composed of hornblende and felspar, and is of a 
dark green, or grayish colour. Serpentine is a beau- 
tiful rock, and derives its name from presenting 
changeable colours like the skin of a serpent. It 
contains much magnesian earth, and has a soapy 
feel. It is found in Cornwall, and in the north of 
Scotland. The three latter rocks are, by some geo- 
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logiits referred to the aext clam we dball coamder^ 
or Trap rocks. 

Trap rocks are formationB which appear to be 
the products of volcanoes long extnict; and are 
gnpposed to have cooled tinder the pressure of 
teater^ probably of a profound ocean. They bear 
a considerable resemblance to the substances ejected 
by existing Tolcanoes^ but are usually harder and 
more compact : many of them appear to have been 
originally porous like lava, but to have had the 
carnties or cells subsequently filled up with silica^ 
carbonate of lime^ and other ingredients. Amyg^ 
dahid is a rock of this description, and has received 
its name from the word amy^fdaloj *^ almond/' because 
in this rock, agates and other minerak appear 
seattered like almonds in a cake. 

BoioU is another rock belonging to the trap for^ 
mation, and is one of the most remarkable, as well 
as most common species of trap rock. It is of 
a dark green or blackish colour, very compact in 
texture, and yeij hard. Basalt is sometimes found 
in tabular masses, but it is also frequently met 
with in regular columns, which are usually called, 
basaltic columns. The Oianis' Causeway, in the. 
north of Ireland, is a remarkable instance of a 
formation of this kind. Numerous specimens of 
basaltic columns occur in various parts of the globe; 
perhaps among the grandest is that at Begla*, in 

• See Frontispiece. 
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Mexico, wliidi is described as one of the most pic* 
tturesque spots in the world. , 

The otiber most remarkable rocks belonging to iho. 
Trap formation, are Clinkitane^ called also phonolite*^ 
ir^oh names it has received because it sounds or 
dii^s when struck with a hammer. Trachyte^ which 
is composed of glassy felspar, and often grefitly 
iesembles porphyry in structure; this rock has a 
peculiar rough feel. DolorUe; which much re- 
sembles trachyte: and Zeolite; which includes stil- 
bite, mesotype, analcime, and some other rocks. 
Tke name SEeolite,ha8 been given, because some of the 
varieties of this rock boil up or swell, when exposed 
to the blowpipe. 

The greater number of these formations are also 
found among the mattw ejected by active volcanoes. 

Volcanic rocks, so named from Yulcan, in Grecian 
fable represented as the framer of Jove's thunder^ 
bolts, (evidently a poetical allusion to the phenomena^ 
of volcanoes,) are igneous rocks, which appear to 
have cooled in the open air. The lava, or melted 
matter ejected by volcanoes, is not always similar in* 
its construction, greatly var3ring in different lo- 
calities ; but felspar and augite are almost invariably, 
present: the latter is a mineral of a dark green, or 
black colour. 

Among the principal volcanic rocks, we may 

• The word Hthas, "stone,** rendered Hie, forms a very' 
general termination to the names of rocks^ 
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meHiku Tufo^ or taff j which is of an earthy tex- 
tiure^ seldom very compact, and composed of sat 
agghiiinaiion of cinders and loose matter ejected 
from a yolcano. Stone tufa is of a reddish brown 
colour, and it is of sufficient hardness to be employed 
in building. Grantdar tufa is of a blackish brown 
hue^ and so slightly cemented together, that it 
crumbles to dust when exposed to the action of the 
atmosphere. Ohiidian^ another, yolcanic production, 
is a species of lava, bearing a strong resemblance to 
common green bottle-glass : it is semi-transparent in 
thin fragments, but almost black in large masses. 
Pumice-stone is obsidian in a frothy ^tate : it varies 
in colour from white to brown and black. Pitch-' 
stone is a rock of uniform texture, and has an 
unctuous appearance, like indurated or hardened 
pitch. Leucitey which is a mineral of a white 
colour, and Olivine, of an olive colour, and semi- 
transparent, are also met with in volcanic forma- 
tions. 

Besides these rocks, loose sand, ScoricBy or cinders, 
and ashes, are ejected from the crater of volcanoes. 
The scorisd and dust are frequently collected by 
means of water, into sedimentary deposits^ by which 
tuff, conglomerate, and pozzuolana are formed. It 
is this description of accumulation which covers 
Herculaneum; but Pompeii appears to have been 
buried in loose dust and ashes. Pozzuolana is 
used as mortar in buildings, imd has received its 



name from Pozznoll, a town in the Bay of NapfeSj- 
from wlietice it is shipped in large quantities to ail'' 
parts of the Mediterranean. It is similar in nattire- 
to the substance in this country known as Bomatt 
eement. 

Modem lava which has flowed down into water, 
and been consolidated under the pressure of that 
fluid, is found to be more condensed than lava which 
has hardened in air. Sudden cooling gives lava a 
glossy character, like obsidian ; slow cooling causes 
it to exhibit a crystalline, granular, or earthy tex- 
ture. Besides these mineral substances, some vol- 
canoes pour forth streams of muddy water; and 
they all emit volumes of gaseous matter and steam. 

When the expressions ** flame" and "smoke" are 
used in describing the phenomena of volcanoes, they 
must not generally be understood as signifying flame 
and smoke in our ordinary acceptation of thosa 
terms. The clouds of apparent smoke usually con- 
sist of aqueous and other vapours, or of flue dust 
and powdered ashes; and the apparent flames are 
showers of incandescent, or red-hot fragments of 
lava, rendered doubly glowing hy reflecting the 
vivid light emitted from the interior of the crater, 
where the melted materials are said to equal the 
solar light in splendour. The Latin word, crater, 
**a great cup," or "bowl," has been adopted for 
these circular cavities at the summit of volcanoes, on 
account of the cup-like form they usually assume. 
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Bj % carefid cmnpsriaon of Tnp zocks ^ntk ^ke 
pvoditeto cf modem Tokanoea, and ike eiideBce 
afforded of rimilar igneous action on hoAy ihs oqb^ 
dnaion haa been drawn, that ihey an similar in 
their origin, and tliat the chief difierenoe ariaes firank 
the manner in which they haye cooled. Even 
within the historical period, that is, since snd& 
evente hare been recorded, some -volcanoes are 
known to have become extinct; and we in&r finom 
thence, that more ancient ones may also have had 
their periods of activity, and of eztincti<Mi. In 
recent Tcdcanoes, we may sometimes ohserre thai 
long affcer they hare ceased to enut melted matter, 
they retain their form, and the hiva is nnchanged* 
Thus in Asia Minor, some volcanoes occur which 
must have been extinct for at least three thousand 
yeais; nerertheless their cniteis ate still perfectly 
defined, and their streams of lava yet discernible^ 
bkck, rugged, and bairen. The form of volcanic 
mounds is usually conical, and some of them attain 
a remarkable height: that of Cotopaxi, in South 
America, which is a perfect cone, is 18,858 feet 
above the level of the sea. 

., That some connexion exists between earthquakes 
and volcanoes is generally admitted : indeed, voir 
panoes have been termed the safety-valves of regions 
subject to such convulsions; for it not unfiequently 
happens, that earthquakes precede volcanic erup? 
tions, and that the earth becomes stilled, when thestt 
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OMnmenee.' It thus upposrs tliat the melted matter 
heing ealaiged in its yolume, or sice, by the action 
oi some unknown internal heat, attempts to force 
its way through the rocks which forni the crust of 
tiie earth, and that this melted mass causes the rocks 
to be shaken, and perhaps shattered in pieces; unless 
it encounter a crack or fissure, in which case it 
forces its way through this opening, until it pours 
forth its streams as* lava, &c., on the surface. ActiTO 
Tolcanoea may thus be considered as permanent^ 
channels for the escape of these subterranean streams 
of melted matter; whilst in those districts where 
they haye become extinct, the melted mass faaa 
apparently reached its boundary, and, like the 
granite veins before alluded to, has cooled down into^ 
a solid rock. And, perhaps, under such circum-> 
stances, we may find one country has been upheayed^ 
or raised to a higher level above the sea, and that 
another has sunk below its former level. Nor is it 
impossible that we may by such means account 
for another geological phenomenon ;-^that of Faults, 
6t Dislocations. 

It appears that in some districts, large masses> 
sometimes whole mountains, consisting of numerous 
i^lmta, have been rent asunder, and without being 
thrown down, or shattered to pieces^ have, by the 
depression of one portion or the upheaving of the 
other, assumed a different relative elevation, so that 
the strata of rocks of one description, instead of 
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ftxming ft contimioiis line, aie fimnd ji fiflemifc 
htiff^iM* TbuM, snpposbg ire were fliggng ftr coal, 
and were to approach one of these /bHftx^ we Bight 
find a aodden termination of the hed of coal; and, 
on examination, diacorer that the «traiiim was con- 
tinned on the opposite ride of the Fanh, some hun- 
dred feet below its former lereL 

There is another description of didocaiumj whidi 
perhaps may also be referred to the giving waj of 
the ground at some depth below the snifiice, or to 
the nphearing of the outer crust of the earth:-* 
this is the disruption hy which in some places we 
find whole mountain-ranges thrown out of the per- 
pendicular^ and the strata consequently sloping at 
a considerable angle. These dislocations, of which 
we shall presently meet with some examples, appear 
to hare taken place at various epochs, there being 
CYidence of such disturbance having been re- 
peated more than once in the same districts. To 
these we will direct our attention at the periods in 
which they are supposed to have occurred. 

We shall also find that volcanoes appear to have 
been in activity at various eras of geological history: 
an account of these will also be more interesting 
in the same order, and in their connexion with the 
stratified rocks. 
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CHAPTER III. 

STRATIFIED BOCKS. THEIR DITISION. FBIMARY 

PEBIOIK 

Stratified rocks are arranged in three grand divi- 
sions, called Perioda; which divisions have reference 
to the order of time in which the strata, or beds, 
appear to have been formed. These divisions are 
distinguished as the Primary Period^ Secondary 
Period^ and Tertiary Period: the primary includes 
ihe oldest formations, and the tertiary those which 
are the newest in ancient geological history. To 
these divisions may be added the Recent Period^ or 
the period which has elapsed since man became an 
inhabitant of the earth. 

The primary stratified rocks all appear to rest on 
a granite floor; not an even surface, but one full of 
undulations, which in some instances attain the 
height of more than five miles above the level of 
the sea, and which, in others, are depressed to an 
Unknown depth below the bed of the ocean. On 
this largely uneven base, the earliest stratified rocks 
have been formed; though they do not cover its 
whole surface, granite rocks frequently rising in 
bold and towering grandeur above all the stratified 
rocks, and forming the peaks of the highest moun- 
tains on the sur&ce of the globe. 
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The principal locks belongiiig to tlie Priammj 
Period axcy — 

ChieiflB. 

Mica fllaie, or mica scliiflt. 

Primary limestone, or statuary marble. 

Hornblende slate. 

day slate, or roofing date. 

Quartz rock. 
Gneiit is a rock composed of the same materials as 
granite, but usually containing a larger proportion 
of mica. It appears to have been formed by the 
dmniegrationy or crumbling of the granite, and has 
a laminated structure, that is, it is capable of being 
divided into thin lamincBy or plates, in which respect 
it totally differs from granite. The gneiss has appa- 
rently accumulated in successive layers, or deposits, 
while the granite seems to have been formed at once, 
by fusion, or intense heat;' thus exhibiting the differ- 
ence between a stratified^ and an igneous rock, 
though composed of similar materials. 

Mica slate is a compound of mica and quartz, and 
greatly resembles gneiss. Primary limestone in- 
cludes some of the finest marbles used in sculpture. 
Hornblende slate is a species of slate, so named from 
the occurrence of hornblende in its composition, and 
may be distinguished by its dark colour. Clay sktte, 
so named from being formed of alumina, or clay, is 
the best description of slate for roofing purposes. 
Quartz rock consists either of pure quartz, or of a 
mixture of quartz and felspar. 
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'^In ike formations of tKis period, all the rocks 
have a crygtalline texture, that is, they consist of all 
assemblage of ill-defined small crystals, with a tez- 
tuie much resembling loaf-sugar. We meet with 
no sand, no clay, no chalk, no soft limestone: all the 
strata are indurated, or hardened, to a high degree, 
sandstone being conyerted into quartz, clay into 
slute or jasper, and limestone into crystalHne marble. 
This has apparently been e£Fected by the action of 
great heat, and these rocks may, perhaps, therefore 
be classed among metanuyrphic rocks. 

The primary stratified rocks are widely spread 
over the surface of the earth, scarcely any of the 
lofty mountain-ranges on the face of the globe being 
entirely devoid of these strata. They are, however, 
little met with in England and Wales; for Skijidaw 
and Snowdon are the only localities where they have 
been observed, these rocks being, in all probability; 
concealed froiA view by the superincumbent more 
recent formations. But in the Shetland, or Zetland 
Isles, the Highlands of Scotland, the Western Isles, 
the Isle of Man, and in all the most mountainous parts 
of Ireland, they form the predominant class of rocks. 

The uncertainty which still prevails regarding the 
formation of metallic-veins, renders it rather doubtful 
in which division they ought to be placed: but as 
they are of most frequent occurrence in the primary 
stratified rocks, this will form a not unfitting place 
for some notice of these valuable products. 

D 
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MtttiliCy Of minmrd mm, an fawifB of i iAfinito 
lei^k aai impiik, apfOMatij eaawdL bjr aaawr daak^ 
caftioB, 'vdiiek Ihpp^ bean filled nidb sfOMry^y ott ciji^ 
taWaad sobstaiMes, and eortfiiiii lilie awtatto oieK, 
In tke fonofltioa of theaai cm^ or Sanaa, iaitiw 
interior of ibo ofath^ tlmo mo sifna oi distadbaan^ 
"wVok kkdicato a foraa oi inciedifale nagniteda^ 
though slmw aad gnkhtal' ia ];<» dfeciia;- aad; ife is 
iniereairing to ivmaak^ ii»t theie a ai g n o a eartan 
synmnotsy? aad? Older evon iiir tiieao diatwbaBeeai; te 
it is a curious eifonnrntaiooy UkaA mMOkf -mns 
almoet iniraaiaMy oxtendl in one pavricvhordisectioK: 
nanielj, ftom aaat to» wBst* In CbnrwaJl, thaso ass 
cafiied ladwy and are nsaaUy prodacth^; Jh&j aam 
oocarionaify intecsected by smaEbei* ycts, appao&ntiijp 
of later i^rraation, to wMcIt tito. name eros^- eownm 
ha» been a|»pEed; but tbese are moatly^unpsodnctiipev 
Metallic yems yarj in width &om.* Iies9 than anr indfr 
totbirtj&et, or more; but the prevailmg width » 
fron» one to three feet. 

The manner in which these veins hare* been fiHle«B 
is a point that appears to be still undecided: some- 
geologists supposing their contents to hare aocumn- 
lated IHbe stratified nocks, bj aqueous deposits; 
otiHers, that they have been fiUbd from belbw, (Hke 
the granite yeinabefore mentioned',) whilb^ the metaliie 
ore was in a state of fusion; others, again, conai*- 
dering them to have been filled by sublimation, that 
is, by fumes or Tapours rising- from^ belbw; and 



otheis, 1sti9t> dtaHto*aia)paMtigi» Ysa» l»e«i ^sse agent in 
their fMUiattixHiL OiijeetiottB ba?^^ homeiftSf beev 
laised againsif oiek oi tlrese- hj^t&eses^ ov siippesi^ 
ti<m8^ and w» siail tbeiefo»e^ for the-pi^tfenl^ eonteivft- 
oittidfveB wildl Ivmiy ii»^iiig metflUSc vehl^ m thds 

IuMS aad eopper aie> stMaEitiftiines fbaini iA Bidesetf, 
or becto^- mterpoBdd; between; kyeis of reek; otbies 
mMi»not90' is&iftBMy. Jttm. i» also met w^<ia 
TioMMf ov lonatdedi maaees^ ^vi^eh are foimd stereived 
aDMmg; sMne'- pa^ticidiBF kiadb of irooke^ Thi» metal) 
b7 hx t&e meat ueeM aisd iiaportaiiit to aumkindi, is- 
alao> gr@Kii.y- mmMrabmukat and eaej of aeeesa tfaaa 
any of tlbose; termed the move pseeraus;^ Metab^ 
hovreTery witii tiue ezceptioiii of gold and pUspfcinumy 
sj» -very mself met with in a pure stste, being 
usaaUy combined with oxygen and other sabstanees^- 
wkidn causes them to present an^ earthy appearance. 
Geld, pkktiattm^ palladiam^ rhodium, osmnisn^ and 
iridium^ hare' been foimd in the sands of rivers. 
Goldi, iron', and* ol&er metals, ha/ve also been ob« 
served in volcanie f<»inations. 

Tin, copper, lead, and silver, axa extensively 
worked in* gneiss rocks, and also in clay-slate, in 
both of wikich they are- found in veins; but in miica' 
schist they more frequently occur in beds and majsses 
than in* veins. Iron*, copper, lead^ mlver, gold, arsenic, 
aud cobalt, are abundantly fbund in this formation, 
with actynolite, gamet, and asbestus. 

B'2 
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IgneoQi rocks are frequently intenpened among 
the primary stratified rocka; in many parts beds and 
reins of granite being found passing up into the 
gneiss and mica-slate. Bocks belonging to the 
trap formation hare also forced their way among 
these stratified rocks, appearing either as incgobr 
masses of great eartent, or as dykei, which aie laige 
reins or consolidated streams, and often resemble 
huge buttresses. Thus porph3rry, greenstone, basalt, 
serpentine, and other igneous rocks, are found inter- 
secting the primary stratified rocks, in rarions parte 
of the Highlands and Western Isles; of these, the 
most frequent is porphyry, which forms a rery large 
region in the ricinity of Ben Nevis and Glen Goe, 
and is also abundant in Ben Cruachan, both in 
great masses and in dykes, variously associated with 
granite reins. 

No organic remains hare hitherto been discorered 
in the primary rocks: and, in fact, it is the absence 
of any indication of the remains of the raried and 
beautiful forms, which subsequently adorned the &ce 
of the earth, that constitutes the grand line of separ 
ration between the primary and secondary periods. 
It has been supposed, that the action of intense 
hsat on the primary strata may hare destroyed all 
traces of animal and regetable remains, if, indeed, 
organic beings had been called into existence at the 
time these rocks were deposited. This, howerer, is 
a point, which, in our present acquaintance with geo- 
logical phenomena, we are unqualified to decide. 
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CHAPTER IV. 

SECONDARY PERIOD. TRANSITION ROCKS. CAMBRIAN 
SYSTEM. SILURIAN SYSTEM. 

The secondary period is divided into various groups, 
which have been arranged according to the organic 
remains they contain. Had there been no fossils, we 
should have had no certain indications that all rocks 
were not of the same age; but in these illustrations 
of the volume of nature, we find the finger of God 
has traced in indelible characters, the history of the 
numerous revolutions which have occurred on the 
surface of our globe, before man was created to 
inhabit the earth. 

But though the appearance, or the absence of 
organic remains, seems to form the most distinct 
division between the primary and secondary periods, 
there is a class of rocks, containing organic remains, 
which on account of the peculiarity of their struc- 
ture, resembling that of the primary stratified 
rocks, appear to hold an intermediate place between 
the two formations; and accordingly some geologists 
arrange these .rocks in the primary series, and others 
in the secondary: this division. has been named the 
Transitum Period, The circumstance of their con- 
taining fossils has been our motive for placing them 
with the secondary division, but it will be desirable 
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to consider tHem separately, before entering upon 
the general subdiyisions of the secondary period. 
The Transition Fexiod is divided into two groups: 

1. The Cambrian. 

2. iniie "Silurian. 

The Cambrian group, or system, (wliich is so called 
fepmCiMiibpa, tke aoiieai ttaiae for Wales* ibeoasse 
fteae fomaiions weve fijset iinrest^ated m Aaieovn- 
liiry,) cQDflifits in gnat past of i^ramvacik^, or gfey- 
mracke, aad gceywaekefililbe, and «f other ^ockn, bear- 
tug much nesentUanfie to ike §latf fomniiinw flC the 
psimaiy period: but distibgnislied £rom iheee by 
tsoataimsig traoes <^ oigame jeroaiaB, geMially in 
ibe form 4d caste; that is, the trnpfcmoa weamas, 
"vHhile the i^ll, (or o1i»er eubstonoe, hae disappeared. 
In some parts, these formations are ^^nosmova^ but 
-nnhmowja thiekness. Other roeka belongisig to the 
daiBhrm group ase red, gi^en, pm^e, aoud ei^er 
fihaks, and also Itmestieiifis, <idiieh foniaia «ai»e 
oigamc Temaifts^ Aji&ncke, or atene ooai, OQeors 
among the zocks of this system. 

Oranitet, syenites, porphyries, Jnd greenstones, 
ace lisually associttted with the filaty roeks of ^e 
Oambrian ^xonp, and in many caaes Hie porphyritic 
beds appeaar to have been sabjected to the same dis- 
inrbaaces as the dates they intetraeet. Mineral 
Teins aa» yery mimerous. Ores of foopper^ tin, lead, 
flilver, cobalt, antimony, bisnmth, <&c. abound in ike 
rich tract of Cornwall. The Cumberland, Snowden^ 
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and drdsgaasliM ittBges, yidd lead aiid oojxper 



Tke otiguac teniaus of ibe Gambiiaa £vevp 4ure 
rtill im|Mi£Mtiy kno'wtfu Xbey «De«r in igveftter 
aibBBds&ce in live Hmestones ^^iueh ^Itemftte va£h 
^ke elates, tkaa asi £ke latter lermatton, and oonsist 
^rinetfially of Idoi, tx>rals, and AgHb. Though 
wide tracts of country ^ke skate series is ^ntiiely 
wiiiMnt fnfisih, ibut at Boowdon, and at Qjider Ea wr^ 
enctkttiies, coxak^ .and. one or two «peoi!es of inval^^es, 
iane been disovrered in dxis formaitaon. 

The JSUmnan i^ronp, or system, (so named from 
the ^nres, a te3be of ancient Britons, who, under 
Oametacas, made n nobie stand against tbe Bomans, 
and wJbo inhabited that portion of W^aies and the 
bmdering connties df Engiand where this fbnnation 
has been studied,) is asnao^ged in four divisions, 
which, in the ascending series, consist of,--^ 

1. Llaadeilo flags. 

S. Oamdoc sandstones* 

3« Wenlock limestanes. 

4. Lvdiow rocks. 
The Lkmd^ rodcs^ which nre in some parts 
several thousand feet in thickBess, ^eonsist of datk- 
colmred calcaxeous nnd shelly flagstones. The Oaran 
doc rooks consist of limestone (aInM>8t wholly formed 
of i^idis), of freestone, and of sandstone. The Wen- 
hck ix>cks indbide a paiticalar kind of gray crystal- 
liied limestone, abounding in fossiis. The Ludiaw 
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roekfl consist of yarious shales and HmesioBes. Tlie 
rocks of the Silurian system are not so consdidated 
or hardened as those of the foimatioiis we hare 
preriodsly noticed, though the sandstones are still 
generally very compact ; the aigiDaoeons^ or clayey 
beds^ are shaly or slaty, and the limestones, some of 
which are almost wholly formed of coral, stiU pre- 
sent much of a crystalline texture. 

Igneous rocks are associated with those of the 
Silurian system under circumstances of great inte- 
rest. In some cases the trap rocks are found pieicing 
through sandstones, and converting them into quartz 
at the point of junction; in others, the igneous 
rocks are extended in layers between the strata of 
shale and other rocks; giving the idea that some 
ancient volcanic eruption may have spread its liquid 
streams for a considerable distance ; and in othen^ 
the crumbled materials of igneous formations have, 
by the agency of water, been formed into rocks, to 
which Mr. Phillips has given the name of volcanic 
tand9t09ie, YeitB of lead-ore are of frequent occur- 
rence in this system, especially where it is in con- 
junction with the igneous rocks ; of this the Shelve 
district in Shropshire is an example. 

Organic. remains are numerous in this formation, 
though they all differ from any living species ; but, 
notwithstanding so great a* difference is observable, 
between the creatures of that ancient period, and 
those of the present day, some speciei have been 
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met wiih belonging to each of tlie great divisions of 
the animal kingdom. 

The animal kingdom has been arranged in four 
great divisions; which may be considered as four 
fomuy on which all animals appear to have been 
modelled by their Almighty Maker. The subdivi- 
sions are only slight modifications, or alterations, 
caused by the developement, or addition, of some 
parts which do not produce any change in the grand 
general plan. 

These four great branches of the animal world 
are vertehrata^ or vertebrated animals ; molltuca, or 
molluscous animals; artietdatay or articulated ani- 
mals; and rddiataj or radiated animals. In this 
arrangement, there is no reference to the size of the 
animals^ to their utility to man, to the knowledge 
we possess of them, whether extinct or existing, but 
solely to the peculiarity of their formation. 

The vertd^eUa^ or vertebrated animahy all possess 
a skull, and a back bone, or spine, with lateral or 
ride appendages. The name is derived from the 
bones of the neck, which are called vertehrw. Ani- 
mals belonging to this division possess organs of 
sight, hearing, smell, and taste, and never have more 
than four limbs ; it includes any animal possessing 
a' bony skeleton. Among these are man, qua- 
drupeds, birds, serpents, frogs, tortoises, crocodiles, 
and such fish as herrings, cod, &c. 

This division is subdivided into four classes:— 
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ilMmmalia^ cr aakmiis wkieb sndkie tfidr yfloig, 
Bach as the cow, &c.; j^tr^ / Mepiiim^ wkAl amikd 
crocodile; mAMtk, tfaat i% MtoliasfaflMB&A back 
bone. 

ThesnoSmiM, or wwBwiawtf gju'wa^t, aae go—d 
teat fnoUitr (soft), became tbdr bodies me soft, ead 
demd of a bonf fkekfonu lamsijiBollncsttaBy 
fdiftei, odled jbeHs, jw seeveied £roDi tbek jiEiii, 
iviiich focm m ^o^wiiag and deinoe to ikeir soft 
bodies; the ojster, the whelk, &c. bdkMig to Ab 
cliTiBioB,—- (bese ase eatted imt^oetL OAex aaiHiucs 
ase witbmit Au estenud fntodioa; fldeb aie ike 
tfommen garden slug, Ae tepia, «r oottle'^sli, &«. 

The orfamtaB, or 4ir<ic«&i^ aiiiwg/f, fom Ae 
tbiid great division ef Ae animal mnrUL The ienn 
articnfatod is derivied £roai i»^ini^«», ^ a little joiot^'' 
in allusion to the pec ulia r famation of the animals 
constitutor tbis division, wbseb oonmsts of a bead, 
WBDii a number of saeoeasro portions of the body, 
joUnied togeiiier. To this diTiaian belong tbe arm- 
tacMj fliat is, crabs, lobsteiB, &c. ; tbe eartbwenn, 
iqndeis, beetles, &es, &c. The ooyenng ef tbe 
body in these aniniab is divided into a number of 
ring-like partitions, sometimes soft, as in the earth- 
worm, sometimes bard, as in the lobster. Some 
have articulated^ or jointed limbs attached to tbe 
side of the body. Of tbis description are tbe lob- 
ster, the fly, &c. 

The radiatay or radiated animalg^ fium the fourth 



^seat ikwimm of tthe Animal world. la ihe tSuee 
yeeecbbg dtrisioiiB, &e ^sr^Km of nMlaoii aod of 
fleoae aoe aocanged on tlie tuiie «idfis, so ikat the 
janimai haaa, an^ht and a left aide; but in ihe cadiata 
iSwae nDcgMu «ce MBodeied to raiUUe fran a com- 
aunt cente, like the petals of «a ammoBe. There 
tte, hov^vet, mae «»oeptiittB i» tins amag^iieiit 
^tmoBg xadaated awMwails. This diraaon indudes 
die staffish, ^ehums, coxai, ipini|^, and all .tiiese 
iiiinala kaoifii hy Ae aame of Zmph jtes : so called 
from 2io<^v2, '''life," and jdi;,^li«i« '^ a ipiaat^" beeause> 
ihoBgli iiie^r aie xa itet living creators, their strac- 
toe heaiaa cai»iderablie reeerablaaeeto thai of ^aDts« 

Hie Tadiaia zask as the ioarest in the order of ihe 
cBeatioBi: the Texiehcaia» with naan at their head, as 
6ie sapeiior, or most potfeet; and we shall find, as 
yre proeeed, thai the OMwe peifeei aasdiaalB increase 
ia munber as me approach ihe era of mail's eveation. 
"Bat whea an animal is spoken of as more perfect, 
it mast aoi he understobd thai aay ereaiuie has come 
oat of its Maker's hands otherwise than perfectly 
adapted &>r the place asdgned it in the universe; for 
in tiiai aease^ erery creaiace is perfect ; not only good^ 
hai 'Wery good;" and it is merely in reference to 
the eoatiplexrty of their oigaaizaiion, aad their sup- 
posed degree of importanoe and escellenoe, that they 
are said to be inferior or superior. 

Hie radiated animals axe of Teay frequezut oocur- 
xeaee in the roeks of the Silunaa system. Some of 
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ilMr Hmttkma of dnf period 
imA of flncicni coial mlBy wkick lone 
l>f pol jpcfy asfanak neatly alfied to 4e 
uttmt^ or 0e» anemone^ of our awm Atmes, The 
l^^rlaiioofM bodiei of these p^^pes ae fu i «Mii i <l -with 
ihif power of l e cr etin g caiixnale oC fime; wiiidi, 
tj«eoming luurdeiied, foims their cane and Iwlwfirfkm, 
M A iliell does thai of a moDnsc; the potypea^ liow- 
iffer^ like plaoie, are fixed to one spot» and attadi 
ihemtelTea to eome rock, or other object. The calr 
careous sheaths which have been thns formed aie 
not so short-lived as the creatures which secreted 
them; but, unless removed hy force, remain per- 
manently fixed to the rock to which they were oii- 
ginally attached; and form the base on which sac- 
cceding polypes construct their habitations. The 
coral, thus formed, is nearly of the composition of 
limestone; and it appears that many of the limestone 
formations are almost entirely the work of these 
creatures, which, notwithstanding their apparent in- 
significance, have been greatly instrumental in pie- 
paring the surface of the earth for man's reception. 

Another description of radiated animals found in 
the Silurian rocks are the encriniteg, which belong 
to the Crinoideans, (so named from mwon, a " lily," 
on account of their resemblance to that flower.) 
The most remarkable encrinites occurring in this 
formation, are the apuxrinites^ or pear encrinite, 
and the acHfUhcriniteSy of which latter the annexed 
cut is a representation. 
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called entroehmi mathkj Mongiiig ta iU» psiad^ 
wMsk 18 said t» be ^ahtoift a» eutimiy indfr iq» ti 
tie petrified remoiaff oi enarmikn^ a»a omnabk in 
composed of stmwsJ' 

In the Siluzansgroaii^ wefiad aamag tietmdiiiM 
animaJs, an oztinct^ £miiy ofi enataBaay. dikd ilie 
trilobke^ of wiidb aibo^ siai^ dtfiesant speeies lutye 
beeir obseryedt^ Aaaso^ ihe iii«lliBicei» aninuds axm 
some marine abeHa^ iirolnding tha Ortiiis gBauta^ 
which may be eoniideredi aa makaea^ly cfaoRisteiiBtiB 
of the Silurian syatom; The "^riebfsfedb animaia 
are. less numeioiniy the- only traces o£ tinis diTiaioiK. 
consistiDg of a &w flqpecie» of fishes^, the boiieaand^ 
teeth of which^ however, have been; obsevfvd in oaD- 
siderable quantities' ia some fbrmntioiiB oi t]li» period. 

It is worthy of psmarl^ tha4t all the organic biaiag» 
above mentioned, weve inhabiikants ofi the se»f it 
also appears, that tile eailiest vegetable prndaBtaaoB 
hitherto discovemd ih' a fossil stete, consist of algaa^ 
or sea- weed. Yet it is not improbable, that: eyvm 
at this early period, isIandlB^ may luw^e eziBted^ 
covered with immense* forests, which, v» we shall 
find in the sequ^^ seem< to^ ha^e been diseigned; to- 
perform a most important part in^ the economy oi 
the earth's surface, and which greatly contributed to 
the present benefit of man. 
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CHAPTER V. 

SBDDNDiJIX SKB]i>]X. DBFONEAITy OK. OCIX BBI> 
SANXNSXONK SYSTEM^ CABBOMIFEROUa SYSXBIL. 
MOVNTAm LIMESTONE. GOAL JIEASUBES. 



BhnoiES tke ajnrtnn to^ifvMdii thit ten» T]»iigitidiK 
has ban wgflmiy tin Stondbajr Piiviod » di^nbded 
IniD ac^cndk ^boi^b cvoifBimfl^ idbichv ia tBa awmd^ 
trnfitemm^cn tssaamaam^^Wk tile most aiwiaiit in 
oaia of ftoHiiDoii,. sus a» fiQiittws<:—- 

I. Dvmni^ or Mi Bed Saadstone*. 

2.. Cadbomfooiu. 

3l Vagaamst Lumstoiiev 

4 ]9fieivrEedi Sandstone, ox IPbikilkic; 

5i. liflSk 

6» Oofite,. or Jiusfc Limestone. 

7. Wealden. 

8i Gvstaceons, or Chalk. 

The Ikwmianif or Old Bnad* JSfimdstone system, 

thaagk comiBtiag principally of sandstones^ assameff 

a yasy difisrent nuaerat aspect in different localltieSb. 

la some tnacts^ (as- in' some parts of Scotland and- 

• The term " Devonian" system has been proposed by 
Phxfessor Sedgwick and Mr. Murchison, to express ** all the 
great intermedSato deposits between* the Silnrian and Car- 
boniferons systems. The- teim being so far nnexception* 
able, that it may be appUed' without any contradiction of 
terms." — PhU. Magaxine, April, 1839. It is named Devo- 
nian from its large- oocnireiice iir Devonshire. 
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Cnmberland,) it is usually composed of coaise con* 
glomerate, or pudding stone*: in others of the finest 
laminated sandstone ; and in others, (as in Caithness 
and the Orkneys,) of black bituminous schist. In 
Herefordshire and Brecknockshire, Tariegated marls 
and concretionary limestones prevail: whilst in Pem- 
brokeshire, the soft marls are replaced by a hard 
brownish-red rock; and large tracts are occupied by 
yellow and gray, hard, siliceous (or flinty) sand- 
stones; and these again altogether differ from the 
slaty sandstones and limestones of Devonshire and 
Cornwall. It will be evident, therefore, that the 
formations belonging to this system cannot be dis- 
tinguished by their lithological^ or mineral structure; 
and, indee4> it is only by their characteristic organic 
remains, and by the intermediate position they 
occupy between . the Silurian and Carboniferous 
systems, that this has been determined. 

The peculiar character observable in the Red sand- 
stone formations occurring in Devonshire and Corn- 
wall, appears in great measure to be attributable to 
igneous action, that part of the country being said 
to " bristle with rocks of igneous origin," which are 
considered to belong to the same era, (perhaps to one 

* Conglomerate has received the familiar appellation of 
pudding stone from its resemblance to a pudding with 
fruit scattered through it It consists of pebbles or frag* 
ments of rocks rounded by the action of water, and ce- 
mented together by some mineral substance. 
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inllj as recent^) as the strata with which thej are 
intermingled, and which they have altered into 
hardened rocks, thus causing them to differ from 
other formations of this group. 

The organic remains of this system have hitherto 
heen little described, but their general character is 
intermediate between' those of the Silurian and Car- 
boniferous systems, though, some are peculiar to the 
Devonian group. ■ Fossil 'plants have been met with, 

r 

considered undistinguishable from those of the Car- 
boniferous system; and, indeed, ''all true analogy 
would impel us to look for the presence of some 
species of plants common to the Carboniferous 
epoch;" for we may well imagine the mighty forests, 
which subsequently contributed to the formation of 
coal, already to have been planted on the earth at 
this inmiediately ' antecedent period. Corals also 
occur, and impressions of stems of encrinites, re- 
sembling those peculiar to the Silurian system : tri- 
lobites of new forms have been observed; and among 
molluscous animals, terehratuke^ spirifersy and others; 
some approaching to the Silurian, and some to the 
Carboniferous fossils, whilst others again are peculiar 
to this group. The fish appear to be distinct from 
those of any other system. Impressions of the feet 
of some imknown animal have been observed in the 
Old Red Sandstone, or Devonian formations in Wales. 
The Carboniferous system is subdivided into two 
parts: — 

E 
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!• Tho Mouniain Limestone. 

8. The Goal Measiuee. 
MaunUUn Limettom usually oonsisis of a gnj, 
compact, and crystalline limestone, sometimes (si in 
ihe north of England) abounding in lead <Hre; it is 
found in alternate lajeni with the coal strata in some 
parts of Sooilaad, and henoe it has been indoded in 
the Carboniferous system. 

AU the fossils contained in the Mountain Lhne- 
stone are marine. The most wmarkable is the 
Oiihooerasy which is a chambered umTalve sheiL 
The form of this shell is conical, and it has been com- 
pared to a straight nautilus. Orihoceralites vary 
much in siae, some exceeding a yard in length and 
six inches in diameter. The largest known, are found 
in the mountain limestone of Closebum, near Edin- 
burgh. Part of the pavement in Hampton Court 
Palaee, and the hall of UniveiBity College, Ozfcid, 
are paved with marble, (from the island of Odsnd, 
off the coast of Sweden,) in which many of these 
diells may be observed. Hie lituite is anoihor 
shell found in monntain limestone ; it beaiv some re* 
semblance to the orthoceras, but is partially coiled up. 
The Coal^necuwreiy or Coalfiddgf are beds, or strata, 
in which that most valuable material ie found. In 
ihe north of England, the coal^measuies are three 
thousand feet in thickness ; but by no means consist 
entirely of coal; being formed of abundance of sand- 
stone and shales, and of layers of ironstone^ amongst 
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wLicIi, seams or beds of coal^ to the number of about 
twenty or thirfy, ttre inteispexsed ; the beds of coal 
altogether amoonting to about sixtj feet in depth. 

Coal eyidendy owes its origin to acemnulated 
masses of T^getables, altered and modified, bjr being 
pressed beneath the weight of a thick deposit of 
mineral substances, and then exposed to a high tem- 
perature. If examined with a poweiliil microscope, 
coal presents a Tegetable texture; and numerous re- 
mains of plants also occur in the rocks which accom- 
pany it. The quality of coal appears partly to 
depend on the nature of the plants of which it was 
originally composed, and partly on subsequent changes 
produced by subterranean movements, and other 
causes. The principal difference, however, in its 
utility for fuel, arises from the variable quantity of 
gaseous matter. Thus, anthracite, or stone coal, 
oontaias little besides carbon and earthy mixtures; 
whilst the box or channel coal of Lancashire and 
Gloucestershire, which blazes like a candle, contains 
nearly haK its weight of gaseous matter ; and the 
one species is applicable for purposes to which the 
other is imsuited. 

Shale is a rock which may be readily split into 
thin layers, and may be compared to a quire of 
paper, pasted or glued together. Some shales are 
sandy; others are formed of slaty clay : they may 
frequently be observed among the refuse under our 
grates. The ironstones of a coal-district are some- 

E 2 
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greatly from tliat which now adorns the earth with 
its beautiful and varied foliage ; and, indeed, it ap- 
pears that, with ' the exception of the tree-ferns, 
some species of which still occur in tropical countries, 
neither the stems nor the leaves of these ancient 
vegetables resembled any trees at present existing on 
the globe ; and we must look for their modem repre* 
sentatives in our more humble plants*. Thus the 
lepidodendronsy which probably contributed more 
than all other vegetables to the formation of coal, 
differ very little from, our lycopodia, or club moss, 
except in their dimensions; the dub moss being a 
small plant, whilst the lepidodendrons rose ,to the . 
height of eighty or a hundred feet. Thirty-four 
different species have been discovered. Another 
prevailing tree was the calatidte, which bore a strik- 
ing resemblance to the equisetum, or common horse- 
tail of our ditches and other marshy places; but 
which, in that ancient period, appeared in the form 
of a tree, fourteen or sixteen feet in height. More 
than two hundred different species of tree-ferns have 
been described, and ,the most frequent vegetable ' 

* *' The older naturalists,*' says M. Ad. Brongniart, '' had 
referred them, (the plants of the primitive world,) to the 
bamboos, and palms, and the large species of cactus. But 
a. more minute comparison between the trees of equinoctial 
regions, and these stems of the ancient world, very soon 
shows, that the vegetables which formed the primitive 
forests, cannot be compared with any of the trees which 
now exist on our globe." 
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impiesncMis consiBt oC the leaves of fSarna. Abore 
thiee hundred different species of plants beloi^png 
to the ancient coal-formation lunre been obeerYod; 
and it appean that the atme yegetable ptodoetioiis 
occur |n the eoakfielda in all paits of the globe. 

Thus has the beneficent Creator provided for us 
an iuTalnable supply of fiiel» in the growth of these 
immense and remarkable forests. And, in troth, had 
not this uselhl mateoal been thna abondantly pn- 
pared for us, it would have been impossiUe to hate 
procured a sufficient snppl j for all the purposes of 
comfort and utility to which ooal is at present, 
applied. Our maaniactories, our steam-engiasi^ 
never oould have been fomished with fuel hy vaj 
other means; nor could they have besoa broi^^ 
to the perfection which has raised Cheat Britain 
sohighin the connasroial world; andwhidi^by ez« 
toning her influence over the ^obe, has enabled 
her to spread to fax distant lands, the benefits of 
civilisation and religions truth. 

The |»esent consumption of coals in this coontij 
is enormous. In the year 1838, 2,581,065 tons wen 
imported into London, of which, above two million 
tons were from Newcastle and Sutherland. The 
annual consumption in the whole of Cheat Britain 
and Ireland has been computed to exceed twenty* 
nine million tons. We cannot suppose that the 
supplies of this valuable material are inexhaustible; 
and we might almost entertain apprehensions of its 



CARBOKlPfitlOtTS SYSTfiX. 55 

Mure : recent iiiTedMgatioiiS) however, have showii 
it to be highly probable that rety eactendte earbo^^ 
nifeioiis or coal>-beariiig strata exigt in Shropshire, 
Worcestershire, ^fibrdahire, and other centiy 
counties; we ^lelbre may have reason to hope 
tbat an abttndant proTision of coal yet remains*. 

The piincipal organio remains met with in the 
Garboniferona gronp^ besides the mighty fossil forests 
of whidi some nctice has been taken» are iketchtmu^ 
irhich belongs to the radiated animals; the icorpkn^ 
and some species of insecta belonging to the articn* 
lated Miimak ; the un^ tmdplanorbii, to molluseoiw 
a&tmiiki) and a few fishes^ amongst which is a species 
of aharky which represent the fertebtated animals. 

It ha9 been mentioned that beds and nodules of 
ironstone, occxasionally occur in the strata of shale 
^v^eh alternate with ooal. As this ironstone aiFordg 
mo^ of the iron manufactured in this island, it is a 
circumstance which has proved of nmch importances 
in working thai most useful of all metalsL. And in 
some districts, not only are the iron ore and the coal, 
met with in near conjunction, but they are also 
accompanied by limestone, necessary for the prooess 

-* The extenfirre cuhnomeasttres or culni-fields of Devoid 
sbire and 0<Hiiwall haye^ by the late researches of PrO" 
feasor Sedgwick and Mr. Murchison, been determined to 
belong to the Carboniferous system. It is more than pro- 
bable that farther investigations will assign all other cidni 
or anthracite formatiofis to the same geological era. 



56 ,SBOONDABY PERIOD, 

of fusion, and even millstone-grit, adapted for the 
construction of furnaces. This arrangement, so re- 
markably suited to assist human industry, has ren- 
dered these districts the usual site of the prindipal 
iron foundries. If a line be drawn northwards from 
Ezmouth, through Taunton, to Tewkeabuxy, and 
thence, (with a moderate curvature to the- east,) 
through Stratford upon Avon^ Leicester, Newark, 
Gainsborough, and York, to the mouth of the Tees, 
it will divide - the island into two portions; the 
western portion will include all the primary stratified 
rocks of which we have spoken, all those which are 
referred to the Transition period, all the metallic 
tracts, and the coal districts of Great Britain. That 
portion to the eastward is entirely composed of more 
recent formations, which will hereafter be described. 
A sort of natural boundary thus appears to exist 
between the agricultural and manufacturing popu- 
lation of the island. 

Before concluding this account of the mining dis- 
trict of Great Britain, we must direct our attention 
to the remarkable arrangement of the strata, which 
renders them so readily accessible to man. Had the 
different rocks been all horizontally arranged, in 
regular order one above the other, the upper, or more 
recent strata, would alone have been known to the 
inhabitants of the earth's surface, and the valuable 
coal-formations never could have been disclosed; 
but, owing to the basin shape which so generally 
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prevails, tlie different strata come to tlie surface, or 
OHicrcpy as it is termed, in particular localities. And 
again, had these basins been excessively deep in 
proportion to their extent, the . inclination or slope 
would have been such, that the strata. would soon 
have become inaccessible to man; but the gradual 
slope which the usual form of these basins causes 
the strata to assume, is the most advantageous for 
working the valuable minerals, for, as has been well 
observed, they ^^ are so placed as to render them 
accessible by the exertion .of human skill and in- 
dustry, and, at the same time, to secure them from 
wanton destruction and natural decay." And, to 
quote the words of an old divine, ^^ we may as rea- 
sonably suppose that iron was designed for our use, 
though £rst. we be put to dig' for it, then must 
employ many arts and much pains before it become 
fit for our. use, as that the stones were therefore 
made, which lie open io our view, and which, with- 
out any preparation we easily apply to the pave- 
ment of our streets, and the raising of our fences." 

After the deposition of the Carboniferous system, 
and apparently before the super-jacent or overlying 
rocks were formed, very extensive dislocations or 
disturbances appear to have taken place. In the 
British Islands, every coal district has been disturbed 
and shaken, in every square mile of its breadth by 
faults, (locally termed gauls, slips, troubles, and 
dykes,) passing in many directions, and some of 
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them much affecting tlie working of the mines. 
But these faults or dislocations appear ahnost insig- 
nificant in a geological point of view, when com* 
pared with the [pgantio disruption of Tyuedale, the 
Penine chain, the Graven fault, the Derbyshire ele- 
vation, and the distuxhanees in Sooth Wales. Noiih 
of the Tynedale fault, there is a *' throw" or depres* 
sion of from 1000 to 3000 feet; west of the Penine 
fault, 2000 or 3000, or peihap»4000 feet, under Cross 
Fell ; and south of the Craven fault, at least 3000 
feet, under Ingleboiough. In some instances the 
dislocation has been so violent, that the strata have 
been .actnally overthrown. 

Igneous rocks have not unfrequently been ob* 
served in the coal-measures* At tlra coUierf ol 
Birch Hill, near Walsal, in Staffordshire, a dyke, or 
vein of greenstone passes tiirough the ccxal-beds, 
and has deprived tib» coal of its bitumi»i. And in 
the north of Ireland, a dyke of greenstone has ia« 
durated the slater-day belonging to the coal^^measures^ 
and converted it into flinty slate. In anetim 
plsce in the same locality, one of these dykes passes 
through abed of coal^ which it has reduced to cinder 
for the space of nme feet on each side. It appeals 
probable, however, that this intrusion of the igneous 
rocks took place long subsequently to the depootion 
of the coal. 
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CSHAPTEB VI.' 

t 

MA6NESIAN LIMESTONE. NEW RED SANDSTONE, OR 

POIEILITIC SYSTEM. 

Thb next groap is the Magnesian Limestone. This 
and the New Bed Sandstone aie hy some geologists 
placed in one gnmp, but we will follow Mr. Ljell's 
anangement, and conader them separately* 

The Maffnman Limettone^ or Aljnne Limestone, 
contains sevetal "^^eties of limestone. The mag- 
nesian limestone of England is generally of a jel* 
lowisb-white colonr, but some varieties are of an 
ochre-yellow coleiir. li has reoeiTed its name from 
the magnesia which enters into the composition of 
BOBoe €fi the rocks belonging to this formatioo. The 
zeehitem of the Germans, and its accompanying 
narlnslate, loaded with copper-ore, belong to the 
Jlfeigneaian Limestone gnmp: as do also the red and 
dolomitic conglomerates, which occur in the neigh- 
bcmrhood of Exeter and of Bristol. 

ThjB fonnati<m does not aboimd in fossil re- 
mains; but such as occur, are pecnBar, haying been 
hitherto observed oidy in the strata indinded in this 
group. Among these we meet with>^, and zob- 
term; with some ^leoies of corals and crinoideans; 
and of the moMusca division, with different species of 
froduetue, which are yery numerous, of the am- 
TMnkey spirifer, mytiliie and terebratula. The re- 
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mains of fishes are also found. This group, however, 
is more remarkable, . on account of its containing the 
earliest indication of the existence of reptiles; some - 
organic remains resembling the modem monitor, 
having been discovered in the zechstein of Germany. 
And more recently^ the bones of extinct animals, 
approaching in character to. the modem iguana and 
monitor, .have been found in the magnesian conglo^ 
merate of Durdham Down, near Bristol. 

These reptiles are called sauriaru: the term sau- 
rian including all animals of the lizard and crocodile 
kind. These extinct saurians appear to have .been 
gigantic animals,' which in some^ respects, resenibled 
the modem crocodile, and in others, the lizard, the 
monitor, or the iguana. . Many of these enormous 
reptiles .were exclusively, marine; others amphibious; 
others inhabitants of the land: some even appear to 
have been tenants of the air, bearing in this respect, 
some resemblance to the vampires of the present 
day. 

The magnesian. conglomerate of Durdham Down 
appears to contain a very large assemblage of the 
bones of these animals, though only two new species 
have hitherto been identified; these have been named 
the PcUcBosaurtis and the Thecodontasaurtu, 

Basaltic dykes divide the magnesian limestone of 
the north of England ; and similar dykes, as well 
as, interposed beds of igneous rocks, are extremely 
abundant in the Island of Arran. Masses of por- 
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phyry also occur at Exeter, and the red conglome- 
rate in that locality, appears to be formed of frag- 
ments of porphyry, accumulated by the action of 
Tiolent water-currents. Metallic veins are very 
rarely met with in these rocks, and no ' where 
worked in this country. 

The next group is the New Bed SandstanSj Va- 
riegaied Sandstone^ oxPoikilitic group, which con- 
sists of red and white sandstones; yariegated, red, 
white, and other clays, with gypsum ; of marls, * 
which are a mixture of clay and lime; besides con- 
glomerate of older rocks, embedded in sandstone. 
Salt is associated with the Red Sandstone system 
in England, France, and Germany; though in Eng- 
land it appears to be confined to the localities^ of 
the Yariegated marls. The salt-mines of Cheshire 
are situated in this formation. The mtMchel-kcdk, 
or shell limestone of Germany, which usually rests 
upon ^e new red sandstone, but which has not 
hitherto been found in Britain^ may be included in 
this group. 

The new red sandstone occurs largely in the cen- 
tral counties of England, and almost universally 
occupies a low, or level country. Some of the most 
considerable dislocations of the border of the coal- 
fields of Dudley and Coalbrookdale, are supposed 
to have happened after the deposition of the new red 
sandstone. 
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Oxganio lemanis do not mppen: to be exieiisiTdy 
diffused in this group ; ikoo^h, ia ceKtain localitieB, 
ihey are very nnmeiofis. The shdb sad other 
organic remains are generally nuuiae; bat tenee- 
trial plants occur both in the muickd-ialk of Ger- 
many, and in the new red sandstone of this ooon- 
try. The lepidodendrons seem to have wholly dis- 
appeared at this period; and though arboiefleent ferns 
and catamites still oocor, ihey appear to be giadnally 
giving place to the etmifenB^ of whieb, the fir, the 
pine, the yew, and the cypress, fiunish well-known 
examples ; and to the cyeaicgy or ManteUi», of whieh 
the cycas and zamiaare the only modem represeiita- 
tires; but which, in thoee remote periods, nnited ihe 
foliage and height of the palm, with the stractme 
of the conileree. Some renudns of gigantic fens 
and palm-trees have been found in the mnschel-kalk 
of Germany. And in the new red sandstone of 
Allesley, near Cov^itry, a discovery has been re- 
cently made of some tiliojfied, as mineralized tronks 
of trees, which are ' considered to be conifersD. The 
remains of other plants, among which is part of a 
flabelliform, or fan-cikaped pahn-1^, have also been 
discovered in Worcestershire. 

The singnlar and beantiful crinoidean, called the 
lUy enerinite, is peculiar to the muschel-kalk. That 
formation alsoabonnds in well-preserved fossil shells. 

The remains of fishes, as well as thoee of sauxians, 
have also been found in the German formations of 
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ihis period ; and the teeth, of fiflhes» and bones of 
ssoriang, hare hem. leoently ditooveced in Guy's 
Cliff, near Warwick; thongh the latter are g&asraJly 
in a -very mutilated eondition. At Shrawley Com* 
mon, (also near Warwick,) the snr&ce of some of 
the beds, is imprested with foot-marks of an animal 
having feet with four daws, probacy a <ax)codile, 
or other saurian. It is supposed that at the period 
when the creature passed over the muhce, the rock 
was still in a state suffieiently soft to receiye impres- 
mens, but that it subsequently became hardened 
without disturbance, and thus retained the prints 
of the animal's footsteps. 

That such evaaescent traces of animal existence 
should be preserved, appears periiaps even more 
eztraordinaiy, than the discovery of all the fossils 
that have been brought to light. We may fre- 
quently observe <m the -sands by the sea-shore, the 
print of a dog's foot or horse's hoof distinctly 
marked; but the next flow of the sea will unques- 
tionably efface every vestige of sudbi impressions^ 
or the wind will cause them to crumble to dust. 
8ueh at least is the case on our shores, but there is 
a remarkable formation mentioned by Mr. Schom- 
burghk, as occurring in the Island of Anegada, 
one of the group called the Virgin Islands, in the 
West Indies, which appears to present a pheno- 
menon yeiy amdc^ous to that just noticed. The 
beach of Anegada^ is found in many places to be 
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cotled inHh » gray afioeous and cakneoos sab- 
stance, appaienily deposited by the ^rmTee^ nld^ 
as tbe tide tetues, luodens, and slowly asaiala la 
hicieafliiig the rize of ibe island. In same parts of 
ibe interior of the island, (bnt wbere, pediaps, at 
no very remote period, the waten dqMsited this 
pecoliar substance,) the impression of birds' daws 
and of bnman feet are distinctly Tioible : the bittei^ 
from tbe outward tun of the toes, are siq^posed to 
' be tbose of tbe Indians wbo inhabited tbe neigb- 
bonring coasts. These impressions are not of very 
recent formation, for they have existed beycmd the 
memory of the oldest inhabitant of the ishnd, and 
in some pbices grass has grown over them ; bnt ibey 
are highly interesting, as proying to the stndent in 
geology, that sach impressions, frail and perishable 
as they usually appear, may under some circum- 
stances, become permanent. And if these footsteps 
have been preserved for fifty, or a hundred years, 
we may as well suppose those in the red sandstone 
to have remained unchanged for untold ages. 

Many impressions of fossil footsteps, similar to 
those at Shrawley Common, have been found in 
other localities; but all that have been hitherto 
discovered, occur in the sandstone formations. Fossil 
footsteps of animals resembling the tortoise, have 
been observed near Dumfries. Some remarkable 
impressions have also been noticed in the old red 
sandstone in Forfarshire^ to which the superstitious 
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Sooick peasontiy had giyen the name of Kelpies' 
feeL Fossil footsteps, remarkably distinctly marked^ 
of an animal known only by such traces, and to 
which the name of ehirotherium has been given, 
have also been obserred near Liverpool; at which 
locality, it appears, that fossil impreasions of showers 
of rain and hail have actually been discovered. 

Some fossil footmarks, occurring in the Yalley of 
Connecticut, in the United States, scjpe peculiarly 
interesting, on account of their presenting the earliest 
indication of the existence of birds. These foot- 
marks are imprinted on the sandstone in regular 
succession, showing the track in which the bird 
proceeded. From the form of the footmarks, the 
birds are supposed to have belonged to the order of 
birds called grcdlcB^ or " waders," which frequent 
marshy situations. 
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Among the footmarks wliich have been observed 
in Connecticnt, we find those of a gigantic bird, 
which seems to have been twice as hirge as the 
African ostrich ; its foot appearing to have measured 
seventeen inches in length, and its usnal step to have 
been from fonr to six feet. The footmarks of seven 
different species of birds have been observed in this 
formation. These traces of birds have been named 
amithichnUei, 
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CHAPTER Vn. 

LIAS. 

The next group above the new red sandstone is 
that to which the name Lias has been given : this 
is an English provincial term^ but has been very 
jjenerally adopted for rocks of this formation. The 
Lias, the Oolite, and the Wealden, are by some 
geologists arranged in one large group, termed the 
** Oolitic system," but as the fossils of these forma- 
tions are numerous and interesting, it will perhaps 
be more advantageous to consider these groups sepa- 
rately. 

Lias consists of clay and marlstone, vnth strata of 
blue, white, and yellow limestone, all more or less 
argillaceous or clayey; vnth occasional layers of 
daty and bituminous clay ; and also of sandy, irony 
rocks, and of septaria, which are flattened balls of 
stone, generally consisting of a kind of ironstone, 
and which, on being split, are found to be separated 
in their interior into irregular masses. 

Lias occurs at Lyme Regis, in Dorsetshire, and 
in many other parts of England. It retains a 
toMform mineraloffictd character throughout a great 
part of France and Germany, that is, the earths and 
other materials of which it is composed are similar. 
This is by no means, as we have before seen, of con- 

F2 
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giant occnrxenoe with fonnatians included in the 
same gronp ; for as all stratified rocks are in great 
measore formed by the dismUffration^ or moulderinj^ 

• 

away of older rocks, both igneons and stratified; 
if the older rocks differ in different localities, tke 
newer rocks mnst necessarily differ also; and this 
difference we may expect to increase as the number 
of formations is augmented. And aoeordingly rocks 
are frequently only known to belong to the same 
period, by the similarity of the organic remains they 
contain. 

The fossils which have been observed in the Lias 
are chiefly marine ; they are very abundant, parti- 
cularly at Lyme Begis, where some very interestii^ 
specimens have been discovered. 

Belonging to the vegetable kingdom, the principal 
remains that have been found are fiici, a species of 
marine plant ; some fossil wood, and impressions of 
cycadsB ; and some cones, apparently belon^ng to a 
tree resembling the Norfolk Island pine. 

Of the radiata division of animals, we meet with 
a remarkable and singularly beautiful Crinoidean, 
called, on account of its numerous armsi, or branches, 
and feelers, the Biiarean^ or many-armed /»mlacr»- 
nite. The number of plates^ or divisions, in the 
Briarcan pentacrinite, has been computed to amount 
to a hundred and fifty thousand. Pentaerinites, as 
has been already observed, are so named on account 
of the pentagonal and star-like form of the plates 
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whicli compose the frame of the animal. These 
plates are frequfoitlj found in a fossil state in de- 
tached portions, and hare long been known as 
^attericB^ or star-stones. The Briarean pentacrinites 
lue very abundant in the lias at Lyme Regis. 

Among the articulated animals we find some 
species of crabs. 

Belonging to the mollusca division we meet with 
several highly interesting remains : the most remark- 
able of which are the fossU tnk-ha^ of the loligOy 
called also the iepiet^ or aUth^k, The modem 
cuttle-fish is provided with no external shell, and 
the soft body of tlus mollusoous animal might, there- 
fore, appear to be exposed to the attacks of peeda- 
ceotts fish; it is not, however, left without protec- 
tion, having a peculiar internal provision, which 
affords the means of defence. This consists of a 
bladder-shaped sac, or bag, containing a black, ink- 
like, and viscid substance (from whidi «epia is pre- 
pared), which the cuttle-fish has the power of eject- 
ing, and thus of thickening the water, so as to 
conceal itself from its enemies. Ink-bags of this 
description have actually been found preserved in a 
fossil state in the lias at Lyme Regis ; some even 
distended as when the animal still existed. The 
8epia, or cuttle-fish, also possesses, enclosed within 
its 6oft body, a bony or homy substance, generally 
<if an oval form, though var3ring in different species. 
Those of the sq>ia vulgaris, or common cuttle-fish. 
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from a line, to four feet in diameter. They are very 
universally diffused. The same species of ammo- 
nites which occur in the lias, have been found in the 
Himmalaya mountains, at the height of 16,000 feet 
above the level of the sea. The specimen here given 
is from the lias at Lyme Begis. 

Among the vertebrated animals of the lias for- 
mation, we meet with the bones of an extinct genus 
of fishes, called Sauroid^ or lizard-like fishes, which 
appear to have been of enormous size. The bones 
of sharks are also found : indeed, there is no period 
in geological history during which the family of 
sharks did not prevail. Some fossil teeth of a fish 
called the acrodw, are also found, which, from their 
singular form (that of a contracted leech), have re- 
ceived the name oi fossil leeches. The term ichthyo- 
donUite has been applied to some peculiar spines 
which supported the dorsal, or back-fin of the hy- 
hodttSy an extinct species of shark, and which are 
of frequent occurrence in this formation. 

Some very remarkable animals of the Saurian 
tribe occur abundantly in the lias, though they are 
not wholly confined to this group, being found from 
the muschel kalk of Germany to. the chalk formation 
inclusive. Among these was the ichthyosaurus^ 
which was an inhabitant of the ocean, and appear^ 
to have resembled the modem porpoise and grampus 
in some respects, but to have had the head of a 
lizard and the formidable teeth of a crocodile. The 
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CHAPTER VIII. 

OOLITE. WEALDEN GROUP. 

The Oolite^ or Jura limestone formation, consists of 
oolitic, shelly, and coralline limestones, fuller's earth, 
sandstones, and blue claj. This group has received 
ihe name of oolite^ or oolitic, because many of the 
formations present a peculiar structure resembling 
ihe roe of a fish. It is called the Jura limestone 
group, on account of the great resemblance existing 
i)etween the formations of the Jura chain of moun- 
tuns, and the oolitic group of England. This group 
is very extensively developed, as Bath oolite^ in the 
neighbourhood of that city; as coral raff*, in the 
Talley of Oxford^ in the extensive hills to the north 
of Berkshire, and in those of North Wiltshire; and 
as the Portland stone^ in the Isle of Portland. 

Among the fossil plants which have been dis- 
covered in the oolite group, we find the araucaria^ 
and the pine: the cycas family appears to have been 
Teiy abundant at this period, these trees having 
been found in the oolitic formations between Whitby 
and Scarborough, on the coast of Yorkshire; and 
also in those at Stonesfield, in Oxfordshire; and in 
the Isle of Portland. 

* 80 called because the blocks present a rough, or ragged 
appeaiaoce when quarried. 



74 

Among' die wMateA mamaJm of Urn S'^ovif^ ve 
meet with, abandaaee of coialB; Bui ike 
markable ie a qieeies of crinoideany cded the 
#iierm^. At BndfioKd, nor Both, these 
lemaiiie znao smneroii^ that the bed of the sea, in 
which thej fired, appean to hare been comj^etelj 
ttndded with them. 

The eMnus, or sea hedge-hog, abo oocnrs Teiy 
abtmdaiitlj in this fonnatioiu Edmd are found, 
though Taaelj, as early as the carboniferoos gianp: 
thej become more abondant in the mnsch^-kalk 
and lias; but are very nnm^ons ,thronghont the 
ooHtic and cretaceons formations. 

In the oofitic gronp, we also meet with Tarions 
remains of articulated animals. Besides some crabs 
and the wing covers of coleoptera, or beetles, wliicb 
hare been found in the oofitic slate at Stonesfield, 
and at Solenhofen, twenty-four different species of 
insects have been observed, among which are five 
species of W>MtUcBy or dragon flies. Fossil spiders 
have also been discovered. 

The molluscous animals found in the oolitic group, 
much resemble those before mentioned in the lias 
formation; the same species of nautili, ammonites, 
and belcmnites frequently occurring. At the base 
of Golden Cup Hill, near Charmouth in Dorset- 
shire, the shore presents two strata almost paved 
with belemnites. 

Ammonites are very abundant in the formations 
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tlioae ^ a small fossil tortoise, and of tlie piero- 
deu^le^ which Isttermajr be amked among tiie most 
^xtnordiiuury discoveries of geology. 

This Yemarlmble animal appeals to have been a 
^ying liaard. The head and neck Tesembled those 
of birds, though some species had the jaws of a 
crocodile; the eyes were of enormoas sine; the wings 
approadiod m fbim to those of a baft, and the 
body and tail lesembfed flmae ef a Gautd. Eight 
species of pterodactyli hair<e been observed, varying 
in dimensioBS from t]io «ze of a snipe, to tibat of a 
•cormorant. These femarkabie Mmaias baTe hitherto 
been chiefly discoveted in the Bthqgfaphic limestone 
near Solenhofen; but they ha;ve also been found in 
ihe lias at Lyme Regis, and in the oolitic formations 
at Stonesfield. 

The remains of cetaoess, or animals of the whale 
4ribe, have been met with in the oolitic formation. 

A discovesry of great interest has been made in 
4ihe Stonesfield slate,<«-that of the remains of two 
4miall species of an extinct terrestrial quadruped, 
aUied to the modem didelph3ra, an animal resembling 
the oppoflsam. To these the names of Tkylacothe- 
rlwn, and PAtucolatkmium haye been givvn. This 
discovery is remarkable, as presenting the first and 
only -remains of terrestrial mammalia, •^hitherto ob- 
served in any foimatian, antecedent to the tertiaiy 
period* 

Some evidences of didocations, or distnrbances, 
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dnroig iike oc^tio peiiod, sire ]net.lriih in the noitk 
of Engknd; but the most zenuidEable is a distob* 
ance ^vduch mxy be diatiBctij inced m the Isle of 
Portland* In that locality, it appeanr that a limited 
tract of oolitic formation^ now consiitnting the Pott-- 
land stone beds, had been raised into dry land, been 
covered with soil, and prolific in trees: that this 
oolitic formation was again qnietlysnbmeiged; (the 
rise and fall probably exceeding one thousand feet;) 
that it was subsequently coyered by a partially 
fresh-water deposit, which accnmnlated to a con* 
siderable depth above the bed in which these trees 
flourished, and now fenas the Purheck beds. 

The soil in which that ancient forest grew, forma 
a separation between the Portland and Purbeck beds^ 
and is termed by the qnanymen, the dirt led. This 
remarkable deposit appears to be composed of black 
loam, mixed with decayed parts of vegetables re* 
sembling tropical plants ; and contains, nearly at the 
same intervals at which trees are found growing in 
a modem forest, an assemblage of fossil stumps of 
large trees, toith their roots attached to the earth, im 
which they grwo. Among these, stems of the Man- 
tellia, a plant resembling the modem cycas and 
zamia, frequently occur; but the conifer» are the 
most numerous ; and the trunks of very large trees^ 
of the latter description, some exceeding thirty feet 
in length, ore often found laid prostrate. The black 
earth which contains the roots of these trees seldom 
exceeds a foot in thickness; but the stumps are firom 
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one to three feet in length, and are found to project 
upwards into the substance of the superjacent stone, 
called Bumtone^ which gives indication of their 
occurrence by rounded concretions, accumulated over 
the top of each stem. This cut will conyej some 
idea of this remarkable formation. 



~^ PnriMck-beda. 



Bmmtone. 
Dirt-bed. 

Portland-rtoiip, 



The Purbeck-beds belong to the Wealden forma- 
tion, to which we will now turn our attention. 

The Widlden formation consists of sandstones 
and clays of various descriptions, with layers and 
nodules of limestone. The whole of this group is 
characterized by containing the remains of land and 
fresh-water animals and plants. It is largely de- 
veloped in the south of England, where it extends 
over a tract of land two hundred and twenty miles 
in length, and two hundred in width. It is sub- 
divided into three formations, — the Pnrbeck beds, 
the Hastings sand, and the Weald clay. 

The Purbeek bedt, of which we have already 
spoken, consist of various kinds of limestones and 
marls: the H<uting$ tand consists of gray, yellow, 
and reddish-brown sands, sandstones, and clays^ 
"'^metimes passbg into limestone; this formation is 
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sa named firom occumng near Hastings in Sussex; 
it also extends to Tunbridge Wells, Horsham, and 
lUgate Forest. The Weald clay consists generally 
of clays, occasionally including thin beds of sand 
and shelly limestone, called Sussex or Petworth 
marble. The Weald clay is so called from occurring 
in the tpealck or teoods of Sussex and Kent, which 
formerly consisted of a forest tract, extending from 
Winchelsea to RiTerhill. 

Some of the vegetable remains of the Wealden 
formation, belong to plants which appear to have 
held an intermediate place between the equisita and 
the palms; among these, is the endogenites erosa, 
portions of which are frequently found on the beach 
at Hastings. Some resemble the yucca, some the 
dracaona, or dragon's-blood tree; and others, again, 
approach to arborescent ferns, the species being very 
peculiar, and not known in any other deposit: 
though they may recall to our remembrance some 
of the more ancient trees, which have contributed to 
form our supplies of coal. Examples of that mate- 
rial are, however, few and insignificant in any of 
the strata subsequent to the carboniferous group, 
our supplies of fossil fuel being almost exclusively 
derived from that formation. 

Nevertheless, before geology had brought such 
important facts to light, there was no apparent 
reason for expecting the presence of coal in one 
series of strata rather than in another; and thus, 
experiments in search of coal, might frequently be 



Bnde ID tptf^ irime Hhe yo fagis fc vodd aw at 
«w» pfOMvnee the eertaiiit^ of fiokx. 

Not retj msaj yeais ago, aa attempt ms aafe 
to eatablkh z cMeiy ai BexhSI, in Suaaex, wlndi 
k ritnaled on the Hastings' ssad fixmatHMi. Ths 
ai^ieannice cl tliia seams and sheets of fossil wood, 
and cf Hgnite, or wood-coal, witk some otiier indi- 
cations similar to those nsnaDj oecmii^ in the 
neighbourhood of the great coal-fields in the north 
cf England, led to the sinking of a shaft, and the 
erection of machinery, on a scale of -vast expense; 
little less than eighty thousand pounds having been 
expended on this ]Mroject. It will be foreseen tiiat the 
whole scheme terminated quite nnsaccessfuDy; for 
we hare already remarked, that no nsefol ooal de- 
posit occurs in this formation; and the Hastings' 
sand is separated from the carboniferous strata, by 
a series of beds of such enormous thickness, as to 
render all idea of penetrating through them, an 
unprofitable, if not altogether a hopeless, under- 
taking. 

But, though there might be no chance of dia- 
covering useful fuel in the Hastings' sand formation^ 
the occurrence of the seams and sheets of fossil 
wood, and of lignite, appears not without interest. 
The Wealden group is the first fresh- water formation 
we have observed since the carboniferous strata, and 
the trees bear a considerable resemblance to soine of 
those found in that formation. We may therefore 
suppose, that these accumulations resembled, on a 



«tnall scale, those in the coal measairesj though 
probably heat and great pressure, ot some other 
agents essential to the formation of useftil coal, no 
longer extended their influence at this period* 

This uniformity in the midst of change, which is 
BO generally displayed in the operations of nature, 
jOid of which this forms an example, is fiirther shown 
in the resemblance which some impressions found on 
the sandstones of this group, bear to those we have 
noticed in the red sandstone formations. We find 
that many of the flags of Hastings' sandstone, exhibit 
en their surface traces of worms and other marine 
animals, and even the ripples of the waves, so dis- 
tinctly marked, as to present the appearance of 
recent sands, left by the retiring tide. Formations 
of this description may be noticed in the pave- 
ment at Horsham, in Sussex, and frequently in 
the stones heaped on the roadside to repair the 
ways, in that portion of the route from London to 
Worthing. 

Among the organic remains of the "Wealden group, 
we meet with equisita, ferns, cycadas, and plante 
allied to the palms, draceena, thuya, and yucca. 

Belonging to the articulated animals, we find the 
firesh-water genus, cypris^ in great abundance. Of 
the molluscous division, though there is little variety, 
the species being almost exclusively fresh- water, the 
individuals are very numerous; entire beds of lime- 
stone being formed of these shells, some of which 

a 



82 OBOONDABY PERIOD. 

are §o ezceflrively minute, that ihey can onty be 
dutingniahed with a microscope. The palndina^ a 
fresh-water mail, is the must numerons. 

Among the Tertebrated animals of this period, 
we meet with fresh-water fishes^ as also with tor- 
toises and crocodiles. The Hastings' sand formation 
at Tilgate Forest, has been very prolific in the 
remains of sanrians. Bones of the megalosannis 
hare been discovered both in that locality, and at 
Langton, near Tunbridge Wells, by Dr. Mantell, 
who has also found in Tilgate Forest, the hpUmh 
$aurut, or lizard of the weald, which appears to 
have been an animal about twenty-four feet in 
length, and which is distinguished by a homy spine 
on its back, formed of long, flat, and pointed bones, 
resembling that of the modem iguana. Dr. Mantell 
has likewise discovered a new species in the same 
neighbourhood, named the i^^tianodonj which appears 
to have differed from the megalosanms in having its 
teeth formed for feeding on vegetable substances: it 
was more gigantic than that animal, the iguanodon 
having apparently attained the enormous length of 
seventy feet or more. This gigantic creature resem- 
))led the modem iguana, in having a horn on its 
nose. 

The bones of birds have been discovered in the 
Wealden formation. 



^ 



CHAPTER IX, 

CRETACEOUS GROUP. 

The next group, which is the uppennost in the Se- 
condftry series, is the Cretaceous^ so called from ereta^ 
^' chalk," because the mineral called chalk forms a 
principal feature in this group. The cretaceous 
group is subdivided into green^sandy called also 
Shanklin^sandy which consists of green and irony 
sandstones and limestone; gault^ or Speeton day^ 
which is a blue clay; hard chalk; and chalk with 
JlinU. 

The cretaceous formations occur very extensively 
over Europe; and it has been supposed that at the 
period when these strata were deposited, a consider- 
able portion of Europe was covered by an immense 
ocean, extending from the Atlantic into Asia, and 
that these strata were formed whilst the sea 
occupied that position. A conclusion drawn from 
the similarity of certain fossil remains occurring in 
the whole range. 

The chalk, and its associated beds, are very exten- 
sively developed in England, particularly in the 
south-eastern parts, but are not met with in Scot- 
land ; and only in a small portion of the north-eastern 
districts of Ireland. 

Chalk differs greatly in its composition and struc* 

G2 
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tare from most other calcareous formations; for, 
though it is evidently formed by a watery deposit, 
it presents no appearance of stratification, but con- 
sists generally of an earthy mass. Nodules of flint, 
Tariously shaped, are sometimes met with in beds 
of chalk, disposed in layers almost parallel to one 
another, and often at regular distances^ from three 
to six feet apart. These nodules frequently contain 
organic remains, round which it appears that the 
«ilex, of which the flints are formed, must hare 
accimiulated, and thus become separated from the 
calcareous matter of which the chalk is composed. 

The Tegetable remains which have been obserred 
in the cretaceous group, are mostly marine ; though 
fossil wood has been occasionally met with, both in 
the chalk and iii the flints which aie embedded in 
it : and on some parts of the continent, large beds 
of lignite have been found in the formations of 
this period; as also some very small deposits of 
useful coal. 

The radiated animals are very abundant; and 
include a great number of corals, sponges, and other 
zoophytes, many of which are beautifully preserved 
in the flints of this formation. One species, the 
choanite^ commonly called the petrified sea>anemoae, 
is very frequently found on the shores of Sussex, 
especially at St. Leonard's. The crinoideans are 
sparingly distributed in the cretaceous group; the 
most remarkable is the marsupite, which appears to 



66 mcovDAxr tisslwd. 

likewiie meet witli the nsatflns, liociiEte, kmite, 
liippurite, tcapbite, tnrrilite, bdemnite, n o mmuIH e, 
&c« Our common white chalk is abo foil of czce»- 
iireljr minute shells and corals. Frmn a poond of 
the white chalk at Brighton, at least a thofosaad of 
these tinj fossil bodies have been obtuned. llie^ 
appear to the eye like particles of chalk, bat when 
examined with a strong magnifying power, are foand 
to be fossils in a beautiful state of preservation. 
Others, indeed, incalculably more minute, have been 
observed; for it appears that the white mealy- 
looking casing of black flints, is formed of the shells 
of infusoria. 

Several species of fish are found in the cretaceous 
formations: and the palatal teeth of the shark &mily 
abound in the chalk at Steyning, and in other parts 
of Sussex. The fish of this period are the first 
which approximate to species now in existence: 
among these are some resembling the dog-fish, and 
the salmon, or the smelt. 

The gigantic saurian reptiles, which have formed 
so remarkable a feature in many of the strata we 
have been considering, are still met with in the 
cretaceous formations, but not so abundantly as in 
some of the preceding groups, and this period is the 
last of their occurrence. There is one species, how- 
ever, which is peculiar to this group, which has been 
named the fiwsosaurw. This animal was long known 
as ^' the great animal of Maestricht," in consequence 
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of a nearly perfect skull having been found near that 
place. The mososaurus appears to have resembled 
the modem monitor, but to have possessed four large 
paddles, like those of the whale, in the place of feet ; 
and to have been adapted for living in the water. 
It is supposed to have been twenty-four feet in 
length, and to have had a very long tail. Some 
bones of this animal have been found in the English 
chalk. Remains of the ichthyosaurus have been 
discovered by Dr. Buckland in the gault, near 
Benson, Oxfordshire; and by Dr. Mantell, in the 
chalk marl near Dover. The latter geologist has 
also discovered a large portion of the skeleton of an 
iguanodon in the quarries of Kentish rag, near 
Maidstone, which are included in the cretaceous 
formations. The remains of crocodiles, and of large 
turtles, also occur; and a small fossil lizard has 
lately been found near Chatham*. 

No rock of igneous origin has been observed to 
be associated with the cretaceous formations in 
England; but in the north-east of Ireland a very 
remarkable instance occurs. In this part of the 
island, a mass of igneous rocks almost covers the 
chalk, which in some parts (when in contact with 
these trap rocks), is converted into crystallized lime*^ 
stone. The celebrated Giant's Causeway forms part 

* The zeuglodon, discovered in Arkansas territory by 
Dr. Harlan, and recently determined by Mr. Owen to be 
nearly allied to the modem dngong, is probably referrible 
to the cretaceoQs era. 
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of thui remarkable range ; it poiwinta id a fhifiMiii 
ccmipoeed of iMMaltic pillan^ which 

Sir«tai fiur to Ma ihflflr gwl eoloHMdc; 

The precipiioos hanks are omamenied with long- 
rangea of basaltic pillars, sometimes placed aboTe 
each other, and chequered by horizontal stiata. 
of red-ochre, which, when contrasted with the 
dark gray, or black appearance of the colnmns, 
produces a very striking effect : in some places;, the 
earth has wasted away, and left single columns 
standing insulated and erect, on the brink of the 
precipice, like the ruined colonnade of some ancient 
temple. The magnificent '* pillared rocks* of Staffi^ 
are of the same date as those of the Causeway. 

There is no proof of any considerable disturbance 
haTing occurred in England, during the cretaceous- 
period, but it is considered probable that the English 
chalk underwent a gradual elevation, by which the 
seas between this island, and the continent of Europe 
were contracted, and sloping shores of chalk were 
formed, probably bearing some resemblance to those 
still existing on the coasts of England and France. 

Having now traced the revolutions which have 
occurred in the earth's crust, from the earliest stra- 
tified rocks to the cretaceous group, inclusive, let 
us, ere we close this account of the Secondary Period, 
turn our attention to a few particulaKS relatijag to 
this portion of geological history- 
One of the most remarkable, ib the evidence 
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afforded by tbe oxganic lemaiiis, of the high tem-^ 
peraturo which must have prevaQed on the earth's* 
surface. All the existing repreisentatiyea of the* 
fossils of this period, are inhabitants of tropieal 
regions, but from their small size, when compared 
with the gigantic remains of the ancient world, it is« 
supposed, that the heat must greatly haye exceeded 
that of the hottest regions of the earth in the pre- 
sent day : it being a well known fact, that the size^ 
of most animals and plants is much influenced by^ 
increase of temperature. 

The terrestrial surface in those far distant periods,, 
appears to haye been divided into an infinity of low 
islands^ which were covered with immense vege- 
tables. But these gigantic plants, instead of pre-> 
senting the varied tints^ and brilliantly coloured 
flowers and fruits, which array and adorn many of 
our trees, differed little from each other in their 
aspect, or the colour of their foliage, a circumstance 
which must have imparted to vegetation a singularly 
monotonous character. And when we consider that^ 
as far as we can discover, no birds*, no terrestrial 
quadrupeds, animated these mighty forests, "we 
may form a tolerably just idea of this primeval state 

* We have noticed the occurrence of the remains of 
birds ; but these appear all to have belonged to the grallsBy 
or waders, which are calculated to inhabit marshy places. 
The vegetable world, we may also remark, seems to have 
consisted chiefly of flowerless plants. 
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of nature; sombre, melancholy, and silent, yet at 
the same time deeply imposing, both by its gran- 
deur, and by the important part which it has acted 
in the history of the globe*." Nor must we forget, 
that though this vegetation was less calculated to 
delight the eye, and even perhaps, for the support 
of animal life, such as it now exists, than the 
beautiful and prolific trees of the present day; there 
was no human eye then to be delighted, there were 
no animals to be supported, similar to those which 
now regale on the varied produce of our groves and 
orchards. Whilst, at the same time, these ancient 
forests were peculiarly adapted for forming the 
valuable supply of fuel, which, particularly in Great 
Britain, more than furnishes a substitute for the 
woods of the present era; and which flourished at a 
period, when land was not required for the growth 
of com, and of other vegetables, of immediate and 
especial utility to man. 

* Ad. Brongniart. 
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CHAPTER X. 

TERTIARY PERIOD. ITS DIVISION. 
EOCENE PERIOD. 

The Tertiary Period appears to be marked by the 
commencement of a new system of phenomena, 
very analogous to those now in progress on the sur- 
face of the globe. Thus, the rocks and other for- 
mations, greatly resemble those which still continue 
to be formed by the deposits of our seas, rivers, and 
lakes ; and the remains of animal and vegetable life 
approach gradually nearer and nearer to species at 
present in existence in the waters, and on the land. 

Another distinguishing feature of the Tertiary 
Period, is the local distribution of animals and 
plants, which becomes strongly marked in some of 
the organic remains of this period, and which is still 
observed to prevail; for, in the present day, it is 
found that certain animals and plants inhabit par- 
ticular parts of the globe, and are confined to those 
regions. Thus the camel is peculiar to certain parts 
of Asia and Africa, the llama to South America, and 
the oppossum family to some portions of that con- 
tinent, and to Australia. And we shall perceive, as 
we proceed, that during the later eras of the Ter- 
tiary Period, a distribution, in many respects similar, 
seems to have prevailed. The ancient types, how- 
ever, appeared in a magnified form; and we find 
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tliat wlien tlie genns was the same, the species: 
differed from existing creatures. 

It may not be ont of place here to mention that 
the term gentu is nsed to express a particolar kind 
of animal or plant. To take an instance from 
the animal world: — the depkat, or elephant, is a 
genus, or kind of animal, belonging to the order 
packydemuUOy or '^ ihick-skiniied,'' and to the class 
mounfMJLitt, Of this genus there are only two known 
existing spedes, the Indian elephant, and the Africajor 
elephant. Both species have many characteristic 
features, which mark them as belonging to the same 
genvs; but certain peculiarities are observable, which 
distinguish them from each other, and constitutor 
two distinct speeies. Thus, among other differences, 
the head of the Indian elephant is oblong, while 
that of the African species is round; and the other 
bones are found to correspond so rejnarkably witit 
the form of the skull, &e., that skilful anatomists^ 
by investigating a single bone, or even tooth, are 
enabled not only to decide to what gemu an anima] 
belongs, but to what particular species. 

The science of comparative anat<Nny has beea of 
inestimable value to the geologist: for not only has 
he thus been able to trace the progressive lorma of 
animal life which have tenanted this earth, but even 
so far to restore them, as to give us probably a very 
correct idea of their actual appearance. The same 
remark is applicable to the vegetable world^ for 
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l>oiaii7 has also lent most Taluable aid to f^logf. 
Jndeedy there is scarcely any science, which does not 
tend to throw light on the hidden treasures of 
ProTidential wisdom and goodness, which it fadls 
under the proTinoe of the geologist to investigate. 

The Tertiary formations are divided into three 
4(roups, or as they are usually termed, periods. 

1. The Eocene. 

2. The Miocene, 
a The Pliocene. 

The JEbc»»^ group has been so termed by Mr. Lyell, 
in reference to the fossils discovered in the forma- 
tions of this period*: for this era appears to be the 
dawfiy or break of day of the recent^ or existing 
order of things; a small number of fossils being 
now .first found, belonging not only to existing 
ffenera^ but to existing spedes^ These fossils consist 
of testacea, or shell-fish; and it thus appears^ that 
these particular species were called into life at the 
•commencement of the Tertiary period, and that they 
have continued to inhabit the ocean from that era 
^ the present time. Great changes, however, seem 
io have taken place in the temperature of the earth's 
:ani&ce, since their first appearance on the globe: for 
the same testacea which then inhabited the shores 
•of Britain, are now found only in the hottest 
legions; and it is Supposed that the temperature of 

* From the word eos, aurora, or break of day, and 
teamoSf recent. 
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Middle Europe during the eocene period, was many 
degrees higher than the present climate at the 
equator. 

Some remarkable formations of the eocene period 
occur in the south of England, which are known as 
the " London" and " Hampshire basins." These for- 
mations have been deposited in extensive basins, or 
hollows of chalk ; which mineral, indeed, generally 
forms the base of all the tertiary strata; whence 
they are sometimes called iupra-cretaceous forma- 
tions. 

It has been mentioned that the rocks of the same 
group frequently vary from each other in different 
localities : this is much more strikingly obserrable 
in the tertiary formations. Like the secondaryi 
they are all composed of calcareous, sandy, and 
clayey matter, but the English series differ from the 
French, and these again from the Italian; a diver- 
sity evidently attributable to the difference of the 
secondary rocks, in whose vicinity they have accu- 
mulated. Thus, Mr. Lyell has supposed that the 
eocene deposits in the London and Hampshire basins 
have been formed by the wasting away, (through 
the action of tides and waves,) of the chalk beds 
which he supposes at one period to have covered the 
whole of the Wealden group; and that the sands and 
clays of the latter formation being thus denuded, (x 
laid bare, have contributed largely to the sands and 
clays of the London basin. The manner in which 
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our chalk cliffs are continuallj crumbliDg away hy 
the action of the waves, combined with the water- 
worn appearance of manj of the rocks of the Weal<- 
den formation, (of which the sandstone rocks at 
Tunbridge Wells form a striking illustration,) appears 
to countenance this opinion. In other localities, the 
Paris basin for instance, formations differing from 
the Wealden group being situated beneath the 
chalk, the detritus is different, and the tertiary for- 
mations also vary. 

The English Eocene formations may be divided 
into four groups. 

1. Plastic clay. 

2. London clay. 

3. Hampshire Fresh-water formation. 

4. Bagshot sands. 

The lowest group, called the Plastic clay^ consists 
of clays and sands, and may be observed to great 
advantage at Alum Bay, in the Isle of Wight; 
where in some parts it alternates with the London 
clay, and where the several strata of pipe-clay and 
sands may be distinctly observed, displaying bright 
and varied tints of yellow, orange, red, green, gray, 
lilac, white, and black. The evidence of a con- 
siderable dislocation having occurred, increases the 
interest of this locality: for the strata of chalk, 
plastic clay, and sands, have been so thrown out of 
their original position, as to be nearly, if not abso- 
lutely, perpendicular : at a short distance from this 
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ipoip howerety ^e beds necovei iskat konmital 
^rectioa. Tbis dulmlMncs las piodneed a aagiilar 
effect OB die jdits embedded in tibe ^alk, triudi 
preeent the appeanuice of bsring beett ali i vered by^ 
a Mow oC iBeaBceiyable Ibtce. Tbeae ffinta fetoin 
ibeir complete fiocm and poeidos in tbe bed of dialk, 
nrhicb cloed J imreetB tbem on erery ade ; and nntil 
lemored, nothing diffmnt from otbei'ffintB can be 
perceired, excepting fine lines indicating a fractme^ 
as in broken glass ; but when distmbed, thej at onee 
fall to pieces, being broken in eyerj direction into 
pieces of all sizes, from three inches in diameter, to 
an impalpable powder. 

The Bognor beds belong to the plastic clay group; 
thef conrist of grajish-green sands with layers of 
pebbles, and sometimes pass into sandstone and 
limestone. Beds of this formation occnr also at 
Pegwell Bay, Heme Bay, Hampstead, Watford, 
Beading, &c. The fossils in all these beds aie 
4nmilar to the well-known Bognor shells. 

The London day, so called because the city of 
London stands on this formation, is most fully 
developed in the vale of the Thames. This great 
argillaceous deposit, which in the vicinity of the 
metropolis, is usually covered veith a stratum of 
alluvial gravel, is in some places five or six 
hundred feet in thickness, and consists of a blueish 
or blackish clay, sometimes passing into marl, but 
rarely into solid rock. It is little varied, but abounds 
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in marine fossils and drifted wood, &c. : it also con- 
tains some layers of large partially flattened stones, 
called septaria. These nodules are formed of lime- 
stone, and the interior is generally intersected by 
cracks, which are partly or wholly filled with cal- 
careous spar. . Shells and other organic reniains fre- 
quently form the nucleus of these nodules. Layers 
of stratified limestone have been observed at Har- 
wich ; and shelly beds sometimes occur in the Lon- 
don clay. All these strata contain remains of marine 
animals. 

The Hampshire Fresh-water formation occurs in 
the northern part of the Isle of Wight, and also in 
part of the opposite coast of Hampshire, being found 
resting on the London clay. It consists chiefly of 
marls, which are often of a green colour, and the 
fossils include fresh- water shells, and some remarkable 
land animals, which will hereafter be described. 

The Bagshot sand is a marine deposit, occurring 
in many of the heathy tracts in the neighbourhood 
of London. This formation had long been con- 
sidered as devoid of fossils, but the casts of shells 
have lately been found near Chobham Park, in 
Surrey. And very recently, in cutting through Gold- 
worth Hill, on the line of the Southampton Railway, 
nearly in the same locality, the remains of marine 
fish have been discovered ; some of new species, and 
others similar to those found in the London clay. 
The remains of a marine turtle have also been found. 

H 
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A moftrkaUi hnuLHicm bekngbi^ to ife Eaccw 
pmod. Mid in many i wpe tte similg to tkc Idmkm 
and Hattpdiiie kutns^ ooovb in Fiwii, in tke 
Mighbonxheod of Paris. Una fotmatinny ^diidikB 
1 eeeiTcd the name of the Paria baaia, isy like & 
En^iok, attnaied in abasin of dbaBL Someof ike 
•irata diffiw firom ihoaa of the London basm, hot 
otkera agree spocificaUy in iihe ongaaie leamaias ihej 
contain. 

The foMila ol the Eoeene period aie \ery mime- 
reus and very remarkable. Pursuing onr nsoal 
course^ and oommenoing with the T^^^etabk world, 
ire may notice the abundant oecnrrsaoe in the 
London eky, of foetal wood» oi jet, and abo of fossil 
fruit. Some of these fruits resemble the oocoa-nnt, 
others the date, others a species of pandann^ or 
screw-pine ; and many dififerent species bear a near 
resemUanee to the aromatic fruits of the cardamom. 
They occtti in great abundance in the Isle of 
Sheppey^ at which locality an assemblage of £rom 
six to seven hundred different species hare been 
found*. These all belong to plants of which the 
existing genera grow in the hottest regions of the 
earth. 

Fruits of a similar description have also been fonnd 
in the Isle of Wight; likewise near Hampstead, 
and in various other parts where excavations hnve 

* A nnmerous collection of the fossil fruits from the 
Isle of Sheppey^, may be seen in the British Museum. 
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been lecently made for the Birmingliam and Sooth- 
ampton lail-roadii. Beds of lignite also occur ia 
some places, associated with fossil frnit. The 
beds of lignite, or imperfect coal, near Poole, in 
Dorsetshire, and those near Bovey, in DeTonshire, 
are considered to belong to this period. The remains 
of palm-trees, and of plants allied to the cinnamon, 
have been found in the latter formation, but pines 
are the most abundant. 

Among radiated animals, we meet with the penta- 
crinite; stems and portions of which are found in 
great abmulance, in the cli£& between Heme Bay and 
Whitstable. The fragments, commonly called aste- 
riffi *, or star stones, may be frequently seen on the 
beach at the Isle of Thanet. 

The articulated division of animals, besides pre- 
senting us with several crustacese, such as crabs, lob- 
sters, &c., which occur in the London clay, also 
includes some very interesting remains of insects, 
which have been met with in the Paris gypsum, in 
a beautiful state of preservation. In some instances, 
the nerves of the wings are perfectly distinct; the 
claws, and even the colouring, are also retained; 
and, in one specimen, the very down on the head 
is said to be preserved. 

The molluscous animals are very numerous; the 
Bognor beds present many varieties; some of these 

* These fragments must not be confused with the aste-* 
ria, or star-fish. 
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ia the tropical seas; but during the eocene period, 
they were evidently inhabitants of this part of the 
globe, being of frequent occurrence in the London 
clay. The above two beautiful specimens are from 
the London clay formation, near Wandsworth Com- 
mon, and were discovered when excavations were 
in progress for the Southampton rail-road. The 
smaller specimen is peculiarly interesting, on account 
of its exhibiting the curious internal structure of 
the shell; the siphuncle or pipe being distinctly 
visible. 

Besides the nautilus, we meet with the num- 
mulite, conus, bulla, cerithium, cardium, &c.; and 
among these, with a great number of so minute a 
size, as to be only discerned by aid of the microscope. 
These little creatures appear, indeed, to have been 
very numerous during this period; for, in the for- 
mations of the Paris basin, which correspond to 
the London clay, a kind of rock or stone occurs, 
called milliolite limestone, which is used in build- 
ing, and which is almost entirely composed of 
millions of minute shells, no larger than a small grain 
of sand. Yet these are by n^ means the most 
minute creatures whose remains have been disco- 
vered; a peculiar kind of stone is found in Tuscany^ 
in an ounce of which, ten thousand four hundred 
microscopic chambered shells, have been found. Of 
this species, a thousand would nearly weigh a grain. 
And even these are large, compared with the fossil 
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infiuoria, which Professor Ehrenberg has Izieiy dis- 
covered. 

These infusoria, which, in the present day, are 
found in almost every infusion (whence their name), 
and with which stagnant water is replete, thou^ 
ihey are even met with in fog, rain, and snow, are 
inch excessively minute creatures, that they are in- 
discernible without a strong magnifying power; and 
yet Professor Ehrenberg has discovered, and suc- 
ceeded in determining, the species of the fossil remains 
of similar animalculse, some, extinct, and othan 
resembling recent species, and occurring in rocks of 
Tarious formations. One of the most remarkable of 
these rocks is tripoli, which belongs to the Tertiaiy 
period, and is a substance peculiarly useful far 
polishing stones and metals. This rock is almost 
wholly formed of the siliceous coverings, or sheik, 
of infusoria. These are extremely minute; it having 
been calculated that a hundred and eightynseven 
millions weigh a grain; and that a cubic inch of 
this stone contains forty-one thousand million indi- 
viduals. 

With this remarkable mass of fossils, the soldier 
cleans his arms; the worker in metal and stones, and 
the engraver, polish their works. In Berlin alone, 
the annual consumption of tripoli, has been estimated 
at from fifty to sixty hundred weight. And wh&Et 
we consider^ that at every stroke of the polishing 
stone, several thousands of perfect fossils are crushed 
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to pieces, we cannoi but feel how incalculdbljr 
nmn^rous these aainuilcalss must have been, and 
bow greatly ih^j have oontributed, not only to our 
benefit, but even to our luxuries* 

Professor £hienberg has also discovered that the 
white stripes in the semi-opal are composed of these 
minute creatures; and, as we have already mentioned, 
that the white mealy-looking casing of black flintSi 
is also formed of the shells of infusoria. Nothing, 
perhaps, tends more to impress on our minds tho 
lei^;th of time which must have elapsed, ere man 
was placed on the earth, tiian the oonsideration that 
entire rocks are formed of the exuoim^ or remains, of 
myriads of these minute creatures. Indeed, it would 
seem that the infusoria have exercised much greater 
influence on the present condition of the earth's 
erust, than all the gigantic sauriansy which, during 
the secondary period, performed so conspicuous a 
part; or than the tribes of pachydermata^ which we 
shall presently have occasion to notice. 

The vertebrated animals become more numerous 
at this era, and we now And representatives of all 
the four classes,—* fishes^ reptiles^ birdg| and mam- 
malia. 

Sharks' teeth, and the bones and scales of flsh, are 
met with in the London clay, and, with the other 
characteristic fossils of this formation, have been 
found in excavating the tunnel near Camden Town» 
for the Birmingham rail-road. The most remark- 
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able collection of fisbes, however, belonging to tbia 
period, is tbat at Monte Bolca, near Yerona, wbeie 
the fish are found in a yery perfect state of preser- 
Tation, and so closely packed, that several are con- 
tained in a single block. Some of the specimens 
have actually a trace of colour on the skin. 

The remains of marine turtles have been found at 
Harwich; at Sheppey; in the tunnel near Camden 
Town, and in other parts of the London clay: as 
have also those of crocodiles. 

A fresh- water stratum in the Paris basin, analo- 
gous to the Hampshire fresh-water formation, is 
remarkable for the extraordinary assemblage of 
organic remains it contains. About ten di£Ferent 
species of birds have been met with, all belonging to 
extinct species ; and also some fossil eggs. 

But the most remarkable among the animals of 
this period, are the extinct land mammalia, the 
remains of which occur so abundantly in the Paris 
basin, that scarcely a block is taken from the gypsum 
quarries in that locality, which does not contain 
some portion of a skeleton. Similar remains, though 
in small numbers, occur in the fresh- water formations 
in the Isle of Wight. Some of these organic remains 
belong to extinct species of existing genera, and 
some to extinct genera. Among the former, we 
meet with extinct species of the bat, wolf, fox, 
coatis, racoon, genette, oppossum, dormouse, squirrel, 
hippopotamus, &;c. Among the latter, we find the 
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palmotherium^ amplotherium^ Icpkiodoriy anthraco^ 
iherium^ eheropotamus^ adapis^ &c. The celebrated 
FrencH naturalist, M. Cuvier, devoted much time 
and attention to the consideration of these extinct 
genera, and, aided by his laborious researches, we 
are able to form a tolerably correct idea of these 
ancient animals. They all appear to have belonged 
to the order pachydermata^ or " thick-skinned," of 
which the elephant and the horse are examples. 

The pcdcBotherium appears to have been an animal 
which in some respects resembled the modem rhino- 
ceros and tapir, and in others the horse. Eleven or 
twelve species have been found; the largest being 
about the size of a horse, and the least no larger 
than a little pig. Four species have been found in 
the Isle of Wight. 

The anoplotheriuniy in its form, much resembled 
the pig, though one species is supposed to have been 
of a slight make, and as light of foot as the most 
beautiful gazelle : another species was remarkable for 
the length of its tail, which resembled that of the 
otter; a third was no larger than a hare. Two spe- 
cies of anoplotherium, and another animal, nearly 
allied to this genus, called the dichobune^ have been 
discovered in the Hampshire fresh- water formation. 

The Icphiodon nearly resembled the modern tapir, 
approaching also in some respects to the rhinoceros 
and to the hippopotamus. Fifteen species have 
been discovered. 
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The anthraeoiherium goras indodes seven species, 
some of wliicii resemUe tiie hog^ and oiheKs tiie 
liippopotainiis. 

The cheropotamuSj in some respects lesemhled tiie 
hog, and in others the barhyronssa. The remains of 
this animal occnr in the Isle of Wight. 

Theadapu greatly resembled the he^|e4iog, but 
was three times tiie size of the modem species. 

The nearest approach, among existing animals, to 
these extinct mammalia, is Iband in the tapir, which 
inhabits the warm regions of Sooth America, Mo^ 
hicca, and Snmatra, and in the hyrax, which is a 
native of South Africa. It is therefore supposed 
that these animals must have been adapted for 
living in a very hot climate; such, as we have 
before meutioned, appears to have prevailed at this 
period. 

There is no evidence of anj igneous action having 
occurred in the British isles during the eocene period, 
unless to this era be lefi^red the formations of the 
Giant's Causeway and the Isle of Sta£&; for, as 
before observed, they appear to be subsequent to the 
deposition of the chalk, and therefore ma7 have 
been formed during the eocene period. As, how* 
ever, no organic remains have been found mingled 
with these trap rocks, their age cannot be positively 
determined. They appear to belong to the class of 
igneous formations which have cooled under the 
pressure of water. 
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But, thoiigli we have no authenticated instances 
of volcanic eruptions occurring during the eocene 
period in these islands, there are some interesting 
and decisive proofs of such outbursts having taken 
place at this time, in the mountains of Auvergne^ 
in Central France ; volcanic tufa having been found 
in that district, alternating with strata, containing 
fossils belonging to the eocene period. These vol- 
canoes are supposed to have continued in a state of 
activity during the next geological era, the miocene, 
but to have been extinct since that period. Mount 
lyOr is the most conspicuous of the volcanic rocks of 
Auvergne, rising suddenly to the height of about 
six thousand feet above the surrounding platform, 
and still retaining the conical shape so usually 
observed in volcanic formations. 

The dislocation by which the chalk, plastic clay, 
and brilliantly-tinted sands, at Alum Bay, have been 
&placed from their original horizontal position, and 
thrown into one of nearly vertical direction, may be 
referred to this era. The same convulsions appear 
to have caused disturbances in other parts of the 
south of England. 
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CHAPTER XL 

MIOCENE PERIOD. 

The tenn Miocene* has, like the word eocene, refer- 
ence to the fosail testacea found in the formations of 
this period; at which time, though several recent 
species of testacea existed, the proportion was greater 
of species which have become extinct. The recent 
species were therefore still in the minority ^ though 
considerably exceeding in number those found in 
the eocene formations. The temperature of Middle 
Europe during the miocene period, is supposed to 
have been similar to that of Senegal and Guinea in 
the present day. 

The formation called the coralline eroff, which 
occurs in Norfolk and Suffolk, is by some geologists 
referred to this era, and by others placed in the 
pliocene period. Nor, when we take into consider- 
ation the number of patient iuTestigations required 
before such points can be settled, shall we feel sur- 
prised that they sometimes remain long undecided. 
''Shells must be compared with shells, fish with 
fish, plants with plants, both extinct and existing;" 
and it is only by the united labours of numerous 

* This term is derived from meian, minor, and kainos, 
recent, and may be literally rendered minor-recent. 
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scientific observers, that we can ever hope to attain 
this knowledge. 

We find the vegetable productions of this period, 
approaching very nearly in character to those at 
present existing in some parts of Europe. In the 
neighbourhood of Oeningen, there is a formation of 
lignite, or imperfect coal, which is of little importance 
for f>^ly but is highly interesting to the geologist, 
from the very perfect vegetable remains, found in the 
accompanying strata of marly slates and limestones. 
The greater part of these plants belong to genera, 
which still grow in that locality, though the specieB 
differ, and correspond more nearly with those now 
existing in North America. Some genera, however, 
occur, which are not at present indigenous to Eurppe. 
But poplars, willows, and maples, appear to have 
been the predominant trees: and there was a linden 
tree, bearing a close resemblance to our large-leaved 
linden tree, as also an elm, very similar to a small- 
leaved species of our elm. The buckthorn has been 
met with, and the cytisus: a leaf has also been 
found, apparently belonging to a species of wheat. 
Ferns and equiseta also occur; though no longer 
the gigantic ferns and equiseta of the secondary 
period, but small plants, resembling our modem 
species. 

The radiated animals were represented by sponges, 
and by the indefatigable coral builders which con- 
tinued their labours during this period. Among 
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ihe aiikmlatedaiiiiBalByWenieeiwHiiTaiioiisiBflectB^ 
fonned for tenanting the varied yegetable prodiic- 
lions which at this eia eor^ped the earth's surface. 

The BK^hiseoDS animals were abundant, inehidii^ 
gigantic 03rster8, which have been foond in Sootili 
America; and the helix, or hmd snail, which occnis 
in European fwrnations; besides many others, some 
of which are fresh-water, and others marine. One 
small shell, a species of pahidina, compared in size 
to grains of rice, occnrs so abondantly in some dis- 
tricts on the left bonk of the Rhine, near Alze^r, 
that beds from fifteen to thirty feet in thickness, 
are almost entirely composed of these shells. 

Some of the fossil shells are peculiar to the mio- 
cene period, others occur both in that, and in the 
eocene; others, again, m the raiocene and pliocene; 
but there is one species, the eardita a^r, which is 
remarkable on account of its occurring in the mio- 
cene formations, and also as a recent shell in trc^ical 
seas, but never having been met with in any plio- 
cene formation. The inference drawn from this 
circumstance is, that the climate of France and 
England was, during the miocene period, similar to 
that of Senegal at the present day, but that, during 
the pliocene period, the tonperature of these parts 
was not sufficiently high to suit the habits of the 
eardita ajar. And it is not impossible, if strata could 
be explored in the northern parts of Africa, about 
latitude 25°, that the pliocene formations of those 
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the megaHochdyt^ and which must haye equalled 
the Indian rhinoceros in dimensions. 

In the same strata, hirds of the grallaB order have 
been found, which greatly exceeded in size the 
modem gigantic crane of BengaL . 

The European seas of this era, appear to have 
been peopled by marine mammalia, including extiact 
species of the whale, dolphin, seal, walrus, and the 
lamantin, or manatus. 

But the most characteristic feature of the miocene 
period, is that of the first appearance of rumi- 
nantiOy or animals which chew the cud; such as the 
cow Mud, the deer, &c. During this period we also 
still meet with the palseotherium, and other animals 
of a similar description, belonging to extinct genera : 
but this is considered as the latest era of their 
occurrence. We might therefore suppose that any 
formations, which contain the remains of these two 
descriptions of animals mingled togefther, must be- 
long to the miocene period. This, however, is a 
point which has not yet been ascertained; but for 
the convenience of arrangement, we will introduce 
under this period, all such assemblages of organic 
remains, as include both the extinct theria, and 
animals of the ruminantia order. 

In the miocene strata of France and Germany, a 
numerous collection of mammalia occurs : among 
these we meet with the palseotherium, anoplothe- 
rium, anthracotherium, dinotherium, &c., and with 
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extinct species of tapir, hippopotamus, rhinoceros, 
elephant, hog, bear, horse, hyena, cat, (as large 
as a panther,) animal allied to the dog, (of equal 
size,) fox, genette, otter, glutton, beaver, hare, 
water-rat, &c. &c., associated with ruminant animals, 
including the ox and deer. 

The dinotherium^ which was the largest land 
mamniifer that has been discovered, was a gigantic 
herbivorous animal, fifteen or eighteen feet long; 
this creature seems to have been formed for digging 
like a mole; it possessed two curious tusks, like 
those of the walrus, and is supposed to have inha- 
bited fresh- water lakes and rivers. The remains of 
this animal have been found near Alzey, in Germanj, 
and also near Orthes, at the foot of the Pyrenees. 

Some very remarkable fossil remains, which we 
shall also refer to this period, have been recently 
discovered in South America. We before mentioned 
that the Tertiary strata differed from those of the 
Secondary, in containing some animal remains 
peculiar to particular divisions of the globe: we 
have a striking illustration of this in the fossil 
remains which very lately have been found, both ia 
South America, and in Hindostan. 

Among recent animals peculiar to the New World^ 
we meet with the sloth, the ant-eater, the armadillo^ 
the capybara, or water-hog, the llama^ or gnanaco, 
the didelphys, or American oppossum, &c. Fossil 
remains, corresponding to these animals, but of much 

I 
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larger dimeiiBioiiSy have been met with ia the Ter* 
tiaiy strata of that continent, to wluch they are also 
peculiar in a foanl state. 

One of the most remarkable is the me^cUhenum; 
which is considered to have been nearly allied to the 
sloth and ant-eater. The body of the megatheiinm 
was twelve feet in length, and eight in height; the 
feet were a yard long, and terminated bj gigantic 
claws. These claws, however, appear rather to 
have been designed as instruments, to enable the 
animal to retain firm hold of the ground, than as 
weapons of offence, for it seems to have been foimed 
for feeding on vegetable productions. It appaientlj 
possessed an enormous tail; and there can be Httle 
doubt that it was very slow in its motions. The 
remains of the megatherium are mostly found in 
the Pampas, or great sandy plains of South America, 
but they also occur in the United States. 

Among the recent discoveries made by Mr. Dar- 
win, in the sandy plains of South America, are some 
of extreme novelty, interest, and importance, inclad- 
ing organic remains, which, firom their magnitude, 
afford a striking illustration of the gigantic size of 
the ancient tenants of the globe, when compared 
with the present races occupying those regions, to 
which, however, they mostly bear a general resem- 
blance. These interesting remains comprise the 
fflyptodon^ a gigantic species of armadillo, nearly the 
size of a horse; the toxodon^ which nearly resembled 



MIOCENE PERIOD. 115 

tke cBipyharsky or water-hog, but which appears to 
have equalled the rhinoceros in size ; a huge animal 
resembling the wombat, but greatly exceeding the 
size of the modem species; the macrauekenia^ a 
gigantic species of llama, or guanaoo, which is con- 
sidered to have been fully as large as a camel, but 
with a longer neck. Associated with these, haye 
a]so been found an immense maModon; the mega- 
therinm ; the horse, &c. 

A nearly perfect skeleton and cuirass of the glt^p^ 
iodon^ have been recently discovered at no great 
distance from Buenos Ayres. This singular aniina.1, 
though belonging to the armadillo family, in some 
respects resembled the extinct megatherium. It 
possessed a tessellated bony coat of mail, similar to 
that of the modem armadillo: the tail, however, dif- 
fered fr<»n that of the latter animal; for, instead of 
being encompassed with armour, it was only protected 
on the upper surface by a narrow covering of mail. 
The feet of the glyptodon, are described as being 
without parallel in the animal kingdom, bei^g sin- 
gularly broad^ thick, short, and massive ; and evi- 
dently expressly modified to form the base of a 
column, destined to support an enormous super- 
incumbent weight. 

Allusion has already been made to the bones of a 
gigantic tortoise, and some other remains, found in 
the Sewalik Hills ; in the same formation a pecu^ 
liacly-interesting group of organic remains has also 

i2 
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recently been brought to light. The Sewalik hills 
are situated between the rivers Sntlege and Granges, 
and form part of the sub-Himmalajan range. In 
this locality, the remains of the anoplotherinm and 
fivatherium have been found, associated with those 
of quadrumanous animals, and accompanied by 
bones of extinct species of the camel, antelope, 
elephant, mastodon, hippopotamus, rhinoceros, hog, 
horse, cat, dog, hyaena, together with a bear of very 
large size, a musk deer, no larger than a hare, &c. 

The sivatherium was a gigantic ruminant animal, 
greatly exceeding in size any other hitherto disco- 
vered belonging to that order. This creature was 
armed with four enormous horns, two in front, and 
two large branching tri-furcated horns behind, re- 
sembling those of some animals of the deer tribe*; 
but at the same time it possessed the lip, and pro- 
bably the trunk of the elephant, which animal it 
must have approached in size. 

QuadrtmianotM animals^ include animals of the 
monkey tribe. These fossil quadrumana, found in 
the Sewalik hills, are peculiarly interesting, as being 
the first remains hitherto discovered, that have been 
satisfactorily referred to this order of animals. As 
they are associated with some of the extinct theria, 
we have placed them under the miocene era; though 
it , is not impossible that the anoplotherinm, and 
other animals of that description, may have existed 
at a later period in the regions of Hindostan, than 
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in those of central Europe. Three different species 
of fossil quadrumanous animals have been found; 
two of which are considered to have resembled the 
modem semno-pithecus entellus, or solemn ape, and 
the third to have resembled the pithecus rhesus, or 
common Indian monkej. They all appear to have 
belonged to genera now inhabiting many parts of 
India, bufc to have been of larger size than the 
existing species. 

The volcanic rocks of Hungary, Transylvania, and 
Styria, are referred to this period. The volcanic 
cones of Hungary, though no eruptions appear to 
have occurred later than this era, still retain their 
form, and rise abruptly from extensive plains covered 
with tertiary deposits; giving the impression that 
they may have constituted islands in an ancient 
ocean, which probably, during the miocene period^ 
covered this portion of Europe. 

There is no reason to suppose that Britain expe- - 
rienced any violent disturbance during this era ; but. 
great changes appear to have been in progress ia 
some parts of Europe ; for it is supposed that 

The Alps, 
The palaces of Nature, whose vast walls 
Have pinuacled in clouds their snowy scalps, 

were, during the Miocene Period, upheaved, and. 
raised to their present remarkable elevation. 
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CHAPTEE Xn. 

9UOCE3XE PKBIOD. 

We will now consider the Pliocene Period, whick 
is the uppermost of the Tertiary formationSy and is 
so named, because the proportion of recent spedes 
of shells found in the formations of this era, is 
greater than that of extinct species*. This group is 
again subdivided into the Older and the Neieer 
Pliocene periods; a subdivision also having reiier- 
ence to the relative proportion of recent testacea 
in the formations of the different periods; these 
being found in much greater abundance in the 
Newer Pliocene strata, than in those •f the Older 
Pliocene. During this period, the temperature A 
central Europe is supposed to have been similar to 
that of the Mediterranean sea at the present time. 

The older pliocene formations are perhaps most 
extensively developed in Italy, (particularly in the 
sub-Apennine hills,) and in other countries bordering 
on the Mediterranean Sea; but there is a group in 
this island called the English crag, which is refeired 
to the Older Pliocene period. This crag is divided 
into three strata, the coralline crag, the red crag, and 

• The term pliocene, literally rendered greater-recent, 
is derived from pleum, greater, and kainat, recent. 
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the mammiferous eroff. The coralline crag is, as 
b^ore stated, sometimes referred to the Miocene 
period^ and sometimes to this era; it is almost en- 
tirely composed of coral, and is supposed to have been 
formed in a tranquil ocean, by the gradual growth 
of coral reefs, similar to those at present in progress 
in tropical climates. Shells, corals, and sponges, occur 
in this formation in a good state of preservation. 
This rtratum generally rests on the chalk, or on 
the London clay. Above the coralline crag, a stra- 
tum is found, called the red crag^ on account of its 
red, 01 ferruginous colour, which it acquires from the 
large proportion of iron diffused through the whole 
formation. This stratum is composed of siliceousf, 
or flinty sand, and contains marine shells, which are 
nsnally broken and worn, as if by the action <of the 
waves. Above this, the mammiferous crag occurs^ 
which has been so named from the numerous remains 
of terrestrial mammalia found in this formation, in 
which some marine shells also occur. 

The whole race of theria appears at this time to 
have been totally extinct, and we no longer meet 
with extinct genera of animals, though extinct speciei 
of existing genera still abound. The fossil mammalia 
of this stratum, include remains of the elephant, 
mastodon, hippopotamus, &c. ; besides those of six 
or eight species of rodentia, (such as the squirrel,) 
and some ruminantia, among which we meet with the 
ox and deer. But as the organic remains of the 



whoie PUnecsie p«iod wOI be CDmidesBd imda cae 
jBiMiai bead^ we will defer «nl«rging wpmi tbese 
Ibflsile, until we hsewe cowriniied our deKriptBQa tf 
tbe Si^eesat fbcmatioBei of this eza. 

Jrismng taken some notice of ^» ffngfiah osg 
in Nofft^ and Suffolk^ wbick pieaeBta the ap- 
peafsnee of baling bem fomxed in atiaBiqiQl sea^ 
we will now proceed to idate aome portinilaEs i^ a 
Tefy^ nmiafkable deposty wbicb oecozs in ^sese ccffin- 
ttesy and ^vHiicb appeaa to haeve heat tbe zesolt cif 
iome ^l^ii eovrnlaioii. 

Tbis extraordizBuy fisnmtion, in great measore 
comiete of a eenfiised beap of nmd and mbbisb, con- 
tatniB^ fragmento of Taziona secondaij, and ercn 
trammium locks* Tbns, not only do pebUes and 
b]oei» ham tbe London day, ibe cbalb, tbe oolitic 
i0mi, witb tbeir ebaiaetenstic foaaik, occor, bnt 
eren fiagmenta of coal, and of nucarslate, containing 
gamei0 and toniniaHnes; and in making a drain at 
lekwortb, in Suffolk, a beautiful specimen of a tri- 
bute was diacorered* Masses of granite, porpbyry, 
and oi( yarious trap rocks, bare also been observed at 
Cromer, and thougb cbalk flints are Ibe most nu- 
merous, pebbles belonging to tbe primary and tran- 
sition rocks are in great abundance, and are frequently 
found intermingled witb boulders of various dimen- 
sions« 

These boulders, or erratic blocks, as they are also 
termed when of great size, are large rounded blocks 
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of stone, either embedded in loose soil, or lying on 
the surface of the ground, usually differing from the 
rocks in the locality where they are discovered, and 
therefore appearing to have been transported from a 
distance; /whence they have received the name of 
erratic, or wandering blocks. These granite boulders 
occur in many localities; and frequently, (as in the 
present instance,) where no granite rocks are found 
in their vicinity: we must, therefore, ! conclude that 
they have travelled from a distance. 

The occurrence of these erratic blocks, as well as 
the fragments of ancient rocks, above the more recent 
formations of Norfolk and Suffolk, and other places, 
cannot but strike us as extraordinary. Various 
hypotheses have been suggested to account for this 
phenomenon; and there can be little doubt that it 
has been caused by some violent convulsion of nature. 

It is supposed that, after the deposition of the 
crag, the whole district was upheaved, until the crag 
formation . attained the height of one hundred feet 
above the level of the sea. Possibly the convulsions 
attendant on this movement, may have shattered the 
more ancient rocks of Scotland, and of the north and 
west of England; and by the action of some mighty 
accompanying rush of waters, these boulders, and 
the fragments of coal, trap rock, &c., may have been 
s|)read in a confused mass over the surface, and by 
this means, the rocks and fossils of the whole series 
become mingled together. Similar formations occur 
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at Holdemess, and in. other localitiefl^ in ihe nordi*- 
eastem portion of England. 

The dispeiBion of bonlden ficom the Comhrian 
mountains is yery lemarkable. The gianite of 
BaTenglass, on the western border of this region, has 
been carried to the south, across the sea, along the 
flat country of Lancashire, and over the plains of 
Cheshire and Shropshire, towards the Yale of the 
Seyem. And on the eastern side. of the Cumber- 
land range, the blocks have been transported to the 
searside at Scarborough and Flamborongh Head, a 
distance of a hundred and ten miles; and, in all pro- 
bability, to Norfolk and Suffolk. 

The remarkable accumulations of recent shells 
which are frequently found at considerable eleyatioos 
above the sea, may probably be referred to the 
newer Pliocene period. Thus, marine shells have 
been found on Moel Tiyfane, near the Menai Straits, 
at the height of one thousand three hundred and 
ninety-two feet aboye the level of the sea. We may 
therefore suppose that, during the Pliocene periods 
this mountain was covered by the sea, but that at 
the termination of the Tertiary era, and immedi- 
ately antecedent to the commencement of the recent 
period, it was upheaved, and raised to its pres^&t 
elevation, possibly during the system of convulsions 
which transported the Cumbrian erratic blocks to 
their present situation. It is not improbable that 
some such disturbances may have given origin to 
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€ame» ot caverns; and also to JkaureSy wliioh are large 
cracks, or diasms^ frequently met with, both in 
modem Tolcanic districts, and in more ancient forma- 
tions^ where disturbances appear to haye occurred. 
GaYems are of most frequent occurrence in Hmestcne 
formations. These caverns and fissures have become 
the depositories of the bones of various terrestrial 
animals, which, during the Pliocene period, inhabited 
the surface of the globe. 

The description of organic remains of most frequent 
occurrence in these ossiferous^ (or bone-bearing,) caves 
and fissures, are the bones and teeth of extinct species 
of mammalia. Those found in the celebrated cave 
of San Giro, near Palermo, in Sicily, consist princi- 
pally of bones of the mammoth^ (an extinct species 
of elephant,) of the hippopotamus, and of animals of 
the deer kind. The bones in this cave were so 
exceedingly numerous, that, in 1829 and 1830, many 
ship loads were exported, with the design of their 
being applied to some manufacturing purpose, but 
ihey were too much changed from their original con- 
dition to be of any use. These remains were found 
embedded in brecda^ which is a rock resembling con- 
^merate in its formation, but differing from it, in 
being composed of fragments, which have not been 
rounded by the action of water, and which, conse- 
quently, retain an angular form; it is sometimes 
composed of shells, or of bones, cemented together 
by some mineral substance ; and when this substance 
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is formed of fragments of bone^ it is termed (metnu 
hrecda, . 

' These ossiferons caves Have been found in various 
.parts of England, and are particularly numerous in 
Devonshire, and also in the Mendip Hills, in Somer- 
setshire. The cave of Kirkdale, in Yorkshire, which 
was visited by Dr. Buckland, in 1821, may serve as 
an example of this species of cavern. The rock in 
which this cave occurs is formed of that species of 
limestone called oolitic. The greatest length of the 
cavern is from two hundred and fifty to three 
hundred feet, and its breadth and height varies 
from two to seven feet; there being few spots in 
which it is possible to stand upright. < The animal 
remains in this cave consisted of the bones and teeth 
of the hyaena, of an animal of the tiger kind, of the 
fox, bear, elephant, rhinoceros, hippopotamus, horse, 
ox, of some species of deer, of the rabbit, and water- 
rat. These bones had been strewed all over the 
cave, most of them being broken^ and apparently 
gnawed, even showing marks of the hyaena's teeth; 
from whence it has been inferred that this cave must 
-have been a den inhabited by hyaenas. The roof 
and sides of this cavern were incrusted by stalac^ 
tites,and the hardened mud in which these remains 
•were deposited, was covered with stalagmite. 
« The formations called stalactites and stalagmites 
are of frequent occurrence in such caverns, and are 
formed by the agency of water, which slowly per- 



PLIOCBNE PERIOD. 125 

meates, or forces its passage through limestone, and 
in so doing holds in solution, or dissolves and bears 
away a certain portion of the carbonate of lime. 

When the water reaches the roof of the cavem^ 
it hangs on the ceiling, like dew-drops on a bell 
glass, and ere it falls, deposits on the surface a 
minute portion of its mineral contents: one drop 
succeeds another, until at length rods of this sub- 
stance, resembling marble icicles, are formed, together 
with other incrustations assuming every imaginable 
shape, some of which are suspended from the roof, 
while others adorn the sides with natural frostwork, 
or fluted columns and pilasters. These incrustations 
are called stalactites. 

Stalagmites are of similar origin to stalactites; but 
instead of being suspended from the roof, they are 
formed on the floor of the cavern, by the drops 
which fall to the ground, and have accordingly been 
called stalagmites, By degrees, the floors of caverns 
become incrusted with stalagmite, and sometimes, 
if the ground be gently sloping, appear as smooth 
as a sheet of ice; at other times, it accumulates in 
the most fantastic forms. 

Sir Walter Scott, speaking of a cave of this 
class, on the western shores of Scotland, called 
Macallister s Gave, describes it as presenting the 
appearance of being " sheeted with white marble^ 
partly smooth, partly rough, with rustic ornaments 
and beautiful chasing, and partly wrought into 
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sUtuaiy:" adding, ^ tbeie is scarcely a group tiisl 
an active fancy may not trace among the grotesque 
ornaments which have heen gradoaUy moulded in 
this cavern by the dropping of the calcareous water, 
and its hard^iing into petrifactions." 

The vegetation of this period appears to liaTe 
borne great resemblance to that of the present era. 
The olive and the bay flourished in Southern En- 
rope, the water-lily in the vicinity of Paris, the 
willow on the margins of the lakes and ponds of 
England. 

A remarkable fosnl, which it will not be out of 
place here to mention, though it may not belong 
exclusively to the pliocene period, but rather to the 
whole of the tertiary formations, is the beautiful 
substance called amber, which is supposed to be 
fossil resin, derived from beds of lignite. This 
remarkable substance, to the transparent varieties of 
which the term succin is sometimes applied, is not 
unfrequently met with on our eastern shores; and is 
very abundant on the Prussian coast. It is also found 
in quarries or pits, in the interior of Prussia. In 
digging for it, the first stratum is sand; to this 
succeeds a layer of clay, beneath which a bed 
containing trunks and branches of trees is found, 
then a quantity of pyrites, and lastly, a bed of sand, 
throughout which the amber is dispersed in small 
pieces, or collected together in heaps. The amber, 
when first dug, is flexible, but becomes hardened on 
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ezposuie to the air. Leaves, pieces of wood and 
stiaw, insects, frogs, small fish, and even water, are 
sometimes found enclosed in amber. This substance 
was regarded as a precious stone hy the ancients, 
and the Phoenicians navigated the North Seas in 
quest of it. The value of amber is now much 
lessened, but it is employed in some manufactories, 
a fine oil being obtained from this substance. 

During the pliocene period, we; find the inferior 
animals much less abundant than in the preceding 
groups, and the more perfect greatly increased in 
number. Of the radiata division, we still meet with 
some corals, but they axe comparatively rare* The 
articulated animals were abundant in the form 
of Crustacea, including cray-fish and lobsters, and 
also in that of insects; specimens of the latter may 
be seen among those met with enclosed in amber, 
which are considered to belong to existing genera, 
but to extinct species: among these, ants are the 
most numerous. 

Molluscous animals were very abundant at this 
period. They are found in great numbers in the red 
crag of England : among these, we find the reversed 
tohelky of which we give a specimen in the following 
page, and which appears left-sided when compared 
vith the whelks of our shores. This is, however, 
by no means a universal character among the shells 
Qf this period, and we have placed another whelk 
from the same formation by its side, to render this 
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but the particular species have not yet been deter- 
mined. 

Of the terrestrial mammalia belonging to this 
period, we have already taken some slight notice, in 
our description of Kirkdale Cave; much that is 
interesting, however, yet remains to be related. 
This era has been termed the age of eUphanU; for 
though numerous carnivorous animals, such as the 
lion, tiger, and hyaena, are met with; — ^though 
horses, oxen, and deer, including the gigantic homed 
elk, occur; — and though vast numbers of rhinoce- 
roses, and hippopotami are found; — ^their number is 
small, when compared with that of the extinct 
elephants of this period, to which the names of 
mammoth and mastodon have been applied, and 
which appear not only to have been exceedingly 
abundant, but also very universally diffused. ' 

The remains of the mammjoth have been found in 
many parts of England: they occur in the crag of 
Norfolk, and have been met with in some places in 
the London Basin, embedded in the alluvial gravel 
resting on the London clay. Thus, near Brentford^ 
they have been observed in a fresh- water formation 
containing land and river shells, and accompanied by 
bones of the hippopotamus, deer, ox, &c. The tusks 
of ond of these mammoths is said to have measured 
nine feet three inches. The horn of an ox, found 
in the same place, measured four feet six inches, 
whilst that of another, measured only six inches. 

K 
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Sone «£ iiie oizen of ihk period ^vpear to hxn 
nearij leaembled onr modem ^ecies; otlieis ap- 
proa^ed to the IndUo^ and oHhaa to the Immhl 
Thcce is BoaoB to SHppoBe that these lemaiiis of the 
mmnaauAj hippopotamiiB^ &c^ had accmmihiied in 
the qMi whcae thej wcxe fraiid, (ahoiit a mile ham. 
the Thaimpa, aoid Ibity het aboye its leTel; probahfy 
aa amacBt cad^ when that xiTer may hare been a 
hioad atieafli, gieatly exceedii^ its pzesent ooor 
tiacted liraitB:) forthejTeijeTideiitljhadnot be^ 
exposed to the kMig-oQiitimied action of the waves, 
and camiot, thesefiMre^ haTc heeaa. home firom any dis- 
tance. It acoordin^y appears that these g^nWrM^Tg 
mnst have been inhahitanfte of some neighbonring 
hmd. 

ATMntlwir rBmaifkable foimatiim in which the bmies 
of the mammoth occnr, sidfts the shore between 
Brighton and Bottingdean, in Sossez. This forma- 
tion, to whieh Dr. Mantell has giren the nan^e e£ 
ihe Elephant-bed, is about fifty feet in thickness, 
and consists of layers of chalk detritus^ and of broken 
jints, containing the bones of these animals^ asso- 
ciated with those of the ox, horse, and deer. It 
appears to have been f<nined since the chalk difb 
asBomed their present outline. 

The fossil elk seems to have been no laiger than 
the modem elk, but to have been distingui^ed by 
enormous antlers. In some specimens which have 
been found in a fosol state, each branch of these 



PLIOCENE PERIOD. 131 

antiers nieasared £ve feet: the whole e:q>aii8e from 
the extreme points of the homs being no less than 
ten feet six inches. The remains of this extinct 
animal axe mostly found in the peat-boga of Ireland, 
and in the Isle of Man*. 

The remains of the zhinoeeros occnr very abun- 
dantly in some caverns in Devonshire. The hippo* 
potamiis has been found in the mammiferous crag 
of Norfolk, and also in many other localities. 

A traditionary belief prevails in the neighbourhood 
of all the lakes of Scotland, both Highland and 
Lowland, that they are tenanted by a very large am- 
phibH)iK animal, called by the natives the water-bull, 
and which several of them assert that they have seen.> 
*' The description popularly given," says Sir Waltei 
Scott, ^' uniformly corresponds with that of the hip- 
popotamus." We cannot imagine that hippopotami 
resembling existing species, can have tenanted a 
region so little congenial to their habits. Perhaps,- 
therefore, it will be most in accordance with pro- 
bability, to suppose that the remains of an animal of 
this kind, had by some means been so well preserved 
as to give rise to this tradition. 

* The gigantic homed elk is by some geologists referred 

to the recent era ; but the circumstance of its remains 

occurring associated with those of extinct species, has 

induced others to place it in this period. It has also been 

considered probable, that at the period these animals 

existed in such abundance in the Isle of Man, that island 

may have formed part of the main land of Ireland. 

k2 
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The remains of tlie magtodon have been recentlj 
found in the mammiferous crag of Norfolk and 
Suffolk*. This animal appears to have greatly re- 
sembled the elephant in its size and general form, 
though the body was rather longer, and the limbs 
thicker. The principal difference between the two 
animals consisted in the form of the teeth, which in 
the mastodon are considered to haye been adapted 
for feeding on roots. 

Two or three species of mastodon have been ^s- 
covered; the remains of one species have been found 
in great abundance near Santa Fe de Bogota, in 
South America. The locality where these remains 
occur, has received the name of the Field of GianU, 
most probably because these bones have been mis- 
taken, by the inhabitants of the district, for gigantic 
human remains. 

Another species, the great mastodon, is found very 
abundantly in the United states. These remains are 
mostly met with in salt marshes, which are called 
talines, or licks. One of the localities where they 

* The fishermen employed off the eastern coast of 
England, especially in the straits of Dover, and near Yar- 
mouth, are frequently impeded in their operations by the 
remains of mammalia becoming entangled in their tackle. 
Those hitherto examined, consist of the bones, teeth, and 
tusks of the mastodon, and have been wholly found in 
hollows, or submarine valleys. Boulders, formed of rocks 
belonging to various geological eras, are also dredged from 
the same parts. 
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are most numerous, is Big bone Lick, in Kentucky, 
-which has received its name from this circum- 
stance. 

The American Indians possess a traditionary story 
relative to these bones, which, though more highly 
coloured, reminds us of the Scottish tradition re* 
garding the hippopotamus. They relate that the 
mastodon was a terrible carnivorous animal, (quite 
contrary to its evident nature ;) and that in ancient 
times a herd of these tremendous animals rushed 
down to Big-bone Lick, where they commenced a 
voracious attack on the deer, buffaloes, and other 
animals ; but that they were arrested in their un- 
sparing carnage, by the thunderbolts of Heaven, and 
that the destroyers were themselves overwhelmed in 
sudden destruction. The largest of the herd, how- 
ever, though wounded, escaped to the Great Lakes^ 
where the Indians conceive that he is living at the 
present day. 

Mastodons are sometimes found at the very surface 
of the ground. In 1824, as the proprietor of a farm 
in "New Jersey, was walking over a newly drained 
marsh, he struck his foot against some hard sub- 
stance projecting through the turf, which he soon 
ound to be the tooth of a mastodon. On further 
examination, the remainder of the skeleton was dis- 
covered in its natural position, with one foot a little 
in advance of the other, in the attitude of walkinof. 
It seems extraordinary that this skeleton should have 



134 TERTIARY STRATA. 

been thtifl preserved ; bat perbaps we may aocoont 
for it, by supposing tbat tbe marsh m wbicb it was 
found, (wbicb was composed of soffc peat,) bad net 
been sufficiently firm to bear tbe weigbt of tbe 
animal, wbicb consequently suddenly sank into the 
marsb, until it reacbed tbe fLoor of sasd tbat 
arrested its fsrtber progress, and on wkkb it was 
found standing. Tbis bog baying remained undis- 
turbed, tbe skeleton bad letazaed its original 
position. 

Tbe remains of mammotbs are net with in North 
America, but not so abundantly as in some ports of 
Europe, over wbicb continent they are very widdy 
spread; though they are nowhere in sodi proinaon 
as in northern Asia; particularly in tbe Lowlands of 
Siberia, included in tiie space extoiding from the 
borders of Europe, to tbe extreme point nearest 
America, and from the mouBtains of Central Aaa, 
to tbe shores of tbe Arctic Sea. In tbe New World,. 
these remains even extend furtba to tbe north, for 
Sir Edward Parry discovered an enormous assem- 
blage of tbe bones of the mammoth, in Melville 
Island, which is situated, in N. lat. 7^°* In the 
northern parts of Asia, the tusks of tbe mammoth 
have been found in such extreme abundance, and 
tbe ivory in such excellent preservation, tbat these 
stores of tbe ancient world have proved a valuable 
article of traffic to tbe inhabitants of tbat region. 
And though tbe search for these tusks has been 
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earned on for more than a century^ and iliousaiids 
have been nsed in turning, the number still remain- 
ing 18 supposed to be enormoos. 

The marasnoth, or ^benan elephant, appears to 
havB resembled the recent species in many respects, 
but differed from it in being provided with a hairy 
coat, which may have fitted it to endure a far 
colder climate than that of those regions which at 
present forai -Qie abode of the elephant family. 
This interesting fact has been ascertained, by the 
eKtiaordinary discovery 6f an entire carcase of one of 
these animals. This carcase was found in the year 
1803, at Takoust, on the borders of tiie river Lena, 
about lat.70% and Ml from a large mass of ice,in which 
it had heen embedded, and preserved from decay, 
•ae anknal was «xteen feet in length, and ninein 
height, and the flesh was in such excellent preservu'^ 
iion, that xkot only did the wolves and bears eagerly 
devour it, but tiie Yakouts, or inhabitants of the 
district, actually cut np the flesh to feed their dogs. 
Ihe animal was very wannly clad, the skin being 
covered with a close wool of reddish-brown colour^ 
over whidi was a coat of hair, or fur, «f similar 
eobazr; whilst above I3iis hung an outer coving of 
Mack bristles thicker than horse hair, which in-* 
creased in length on the neck and spine, so as to 
form a kind of mane. Its tusks, which w^e of 
very fine ivory, were rather longer than those of 
the recent elephant, and bent spirally, as also 
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turned gently outwards. The remains 9f a liauy 
rhinoceros have also been found in Siberia. 

The Greenlanders have a tradition regarding the 
mammoth, resembling the Scottish account before 
alluded to: for they declare that in the interior of 
their country, there exists a black and shaggy animal, 
having the form of the bear, and thirty-six feet in 
height. Such a tradition may very probably haye 
arisen from the discovery of the carcase, either of 
the mammoth, or the rhinoceros. 

Tie name nwumnoth was origmaUy given in 
Siberia, where the natives, to account for the appear- 
ance of these monstrous remains beneath the surface 
of the earth, assert that an animal exists in that 
country, of the size of the elephant, but which bar- 
rows under ground like the mole. To this imaginary 
creature, they have given this name ; and they re* 
gard the tusks as the horns of the animal. A 
similar fiction is said to prevail in China; and it 
appears that these animals are known to exist in 
some parts of that country in a preserved state^ 
similar to the mammoth found on the borders 
of the Lena ; and it is even asserted, that the om- 
nivorous Chinese consider their flesh very whole* 
some. However this may be, we may infer from 
hence, that they are not unfrequently discovered in 
that country. 

In some caverns of Australia, the remains of a 
gigantic species of kangaroo, have been found, accom« 
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panied by tlie bones of some other animals peculiar 
to that region. Caves of a similar description have 
been observed in North and South America. In the 
latter portion of the globe, they contain bones of 
the megatherium^ mastodon, msgalonyx^ (a gigantic 
species of sloth,) elk, ox, horse, &c. It is not a 
little remarkable, that the latter animal should have 
been found in a fossil state in America ; for in the 
recent era, the horse appeared to be wholly unknown 
in those regions, until introduced by the Europeans. 

There is evidence that some volcanoes were in 
activity during the Pliocene period, in a district 
situated on the banks of the Rhine between Bonn 
and Coblentz. In this region of extinct volcanoes, 
which extends on both sides of the river, there ap- 
pears to have been a long series of eruptions, some 
of which apparently took place during the Older 
Pliocene period, and others during the Newer Plio- 
cene period. Some of these volcanoes appear to have 
burst out in valleys, or at low elevations; and the 
extinct craters of such are now converted into lakes: 
others again have poured forth their streams of lava 
from conical-shaped hills; these are now covered 
with fields of com and vineyards. 

But there is another volcano, which is considered 
to have been in active operation during the Newer 
Pliocene period, and which to the present day, per- 
haps, continues as energetic as when it first burst 
forth : this interesting, though tremendous link be- 
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tween the anci^it and modem world, is Moimt Etna, 
in IScily, which, by some geologists, is supposed to 
have been an active volcano for ien tkonsand years. 

This suppositioa may at first startle us; bnt a 
Ettle reflection will convince ns, that there is nothing 
in the assertion beyond the range of probability. 
We have read that Isome of the more ancient vol- 
canoes, those in Anvergne, appear to have been in 
activity during both the Eocene and Miocene periods; 
and if we find two of the older geological eras thus 
connected, we may as well suppose Mount Etna to 
have continued its eruptions from iJie Pliocene to^ 
the present period. The epoch of its first ouih 
breaking, would, according to this, doubtless be 
antecedent to the creation of man; but the geolo- 
gical changes we have been considering, will have 
taught us that there is nothing in this supposition 
contrary to reason, or to Scripture. We may imagine 
that some convulsion occurred at the conclusion of 
the Tertiary period, but we shall have learnt enough 
to be aware, that all the mountains and strata of 
the earth were not shattered by this revelution, 
since, to take one instance, we find the Eocene iop- 
mations retaining their original position above the 
chalk basins in which they were deposited. 

At the period we have now been considering, 
animal life appears to have been brought to the 
highest degree of perfection, but man was not in«* 
eluded in it : '^ the sound of man's voice was not 
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yet formedJ" Tke chants, however, by wbieh ihe 
earth's sarface had been pillared and fitted for his 
abode, weie now acoompiid^ed. By ^e BizeoessiTO 
geological depositions, by the decay of vegetable 
matter, and by the instmmentality of some species of 
animals, soil was formed, suited for the growth of 
vegetables adapted to man's sast^iaaoe, and for that 
of the animals whidi weie placed on the earth at the 
^och of his creation. That some change or revo*- 
Inticm, analogous to those whidd fonn the separatioii 
between the diffisrent geological eras, took place at 
this period, appears evident, from the change which 
is observable in the animal world : for . though wo 
still meet wiUi the genera of ail the animals we 
have enumerated in the Pliocene period, the species 
which tiben existed, are altogether extinct, with- 
the exception of some of the testacea, or shell- 
fish. 

It seems remarkable that this exception should 
exist, but is, perhaps, by no means unaccountable; 
for though the earth appears to have undergone 
a series of changes, there is no reason to suppose 
that this had been the case with the waters of the 
ocean: these apparently had changed their place, 
but not their condition, and may have continued 
the same as when they w^e first called into existence 
by the great Creator of all things : for ^' the sea is 
His, and He made it ; and His hands prepared the 
dry land." If we turn to the description of the 
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Creation, in tbe first chapter of Genesis, we may 
observe tbat no mention is made of the creation of 
the waters, bnt that that account commences by 
infenring their actnal existence; — *'And the Spirit 
of God moved on the face of the waters." Subse- 
quently we read, that *^ God divided the waters from 
the waters, and commanded the dry land to appear:" 
from whence we may assuredly conclude that the 
waters already existed. We may also suppose that 
some of the inhabitants of the ocean, such as the 
testacea before alluded to, may have continued from 
the Eocene, Miocene, and Pliocene periods to the 
present era. 

Changes may have occurred to cause the destnie* 
tton or the removal of certain species, whilst others 
may have continued to occupy their ancient haunts. 
It has been mentioned that some species of testacea, 
which inhabited these latitudes during the Tertiary 
Period, are at the present day found only in the 
hottest regions ; these may have shifted their abode. 
Other species are not greatly affected by difference 
of temperature ; and such may still be met with in 
the same zones in which their fossil ancestors are 
found. But others again are suddenly destroyed 
by diminution of temperature ; such may have dis- 
appeared. The cold produced by the waters of the 
river Glatt, which falls into the Lake of Gryffensee, 
in the canton of Zurich, has been observed to cause 
the immediate death of thousands of barbels; there 
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appears good reason, therefore, to believe that a con- 
siderable diminution of temperature took place at 
this epoch, and those races of fish and testacea which 
then became extinct, may have become annihilated 
by similar means. 

Whether inundations and marine irruptions may 
have destroyed the then-existing race of terrestrial 
animals, can only be matter of conjecture ; but the 
circumstance of the discovery of the mammoth pre- 
served in ice, gives countenance to the opinion that 
such events may have occurred, possibly accompanied 
by a sudden decrease of temperature. 

And now, the earth being most bountifully pre- 
pared for man, and ^' the mountains being brought 
forth," or^ as it is elsewhere expressed, being 
"settled," — whether effected by slow movements, 
or by violent convulsions, matters little with Him 
in whose sight a thousand years are but as yes- 
terday, — ^the sea and the land, as they at present 
exist, had their appointed bounds determined by the 
Almighty Creator : or, (as we read in the Book of 
Job,) " The Lord brake up for the sea his decreed 
place, and set bars and doors, and said, hitherto 
shalt thou come, but no further : and here shall thy 
proud waves be stayed." 

It has been a favourite notion^ that the earth, 
previous to man's creation, was in a state of chaos ; 
but in fact, " the loud misrule of chaos," 

Outrageous as a sea, dark, wasteful, wild. 
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has had its origin solely in the poet's imagination. 
Neither the werd^ nor the idea of ehaos, are met 
with in the Bihle* : and cannot, therefore, have 
been drawn from that sonrce. QefAogyy also^ in liea 
of confirming us in the notion of this fimcied unor- 
ganized confusioBy which has been the offipring of 
ignorance, clearly unfolds to us that ^^ order is 
heayen's fint law." And, wbikt pmsaing thk atady, 
we cannot but be foscilAj impressed with ^'the 
manifold and manifest footsteps of admirable wisdom, 
skill, and design, apparent in the general order, and 
in the particular frame of all creatures ; the beautifal 
harmony of the whole, and the artificial contriYanoe 
of each part of the world. But with this wisdom 
are always combined no less evident marks of 
goodness t." 

"* Possibly the expression occnrriiig in the first chapter 
of Genesis, ''the earth was without form and void," accom- 
panied by the intimation of the absence of light, may have 
been misconstrued to indicate a state of chaos ; bat these 
words, as a scriptural phrase, have not so forcible a signi- 
fication : the identical terms being used in another part of 
Scripture to denote desolation, and being thus applied by 
the prophet Jeremiah, when prophetically lamenting over 
the miseries to which the land of Judah should be sub- 
jected by the Chaldean army : — ^ I beheld the earth, and, 
lo, it was without form and void ; and the heavens, and they 
had no light,** &c^Jer. iv. 23. 
I t I>r« Isaac Barrow. 
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CHAPTER XIII. 

RECENT PERIOD. EMBEDDING OF ORGANIC 

REMAINS. 

At the coi]imeB€emeBt of the Recent Period, the 
land, which had aoeiently been coyered by the 
waters of the deep^ and had not received its present 
form, and was void of life, having emerged from 
darkness into light, ^^ earth in her rich attire con- 
aumnc^te, lovely smiled." A new race of creatures 
was placed in this delightful abode, and man was 
created ^' in God's mmilitude," whilst 

€rod was CTBTywhere; the God who framed 

Mankiiid to be one mighty fasx&Ly, 

Himself their Father, and the world their home. 

The period which has elapsed since this epoch, 
does not present any of the striking features of the 
ancient geological world ; for, as far as human know- 
ledge extends, no mighty convulsions appear to have 
taken place within this era; and if, with an eminent 
Geologist, we consider all geological changes to have 
been brought about by slow and gradual operations, 
siiBilar to those now in progress on the earth's snr- 
£ice, the lapse of years since man's creation is too 
inconsiderable, (according to such calculations,) for 
any great alteration to be discernible. Some changes, 
however, have occurred, and such changes still are 
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taking place^ even on our own shores ; and it will 
be interesting to consider a few of these instances of 
increase and of destruction, particularly as we shall 
£nd them illustrative of some of the phenomena of 
geology. 

Nor shall we any longer, in the era at which we 
have arrived, meet with the remains of unknown 
animals; for though organic remains are met with in 
Recent formations, they all, with one exception, be- 
long to species still in existence on the earth. This 
single exception is the dbtifo, which is supposed to have 
become extinct within the last two hundred years*. 
This bird is described by many voyagers from the 
end of the fifteenth to the beginning of the seven- 
teenth century, as having been met with in the 
Mauritius, the Isle of Rodriguez, &c. ; but it appears 
to have become extinct towards the close of the 
seventeenth, or beginning of the eighteenth century. 
An entire stuffed specimen is recorded to have been 
in the possession of the celebrated naturalist, John 
Tradescant, and to have been subsequently removed, 
with the rest of his collection, to the Ashmolean 
Museum, Oxford : but, being in a state of decay, it 
was destroyed about the year 1755; and thus this 
very interesting specimen was lost : though the head 
still remains in that museum ; and the foot is pre- 
served in the British Museum. Bones of this extinct 
bird have been found under lava in the Mauritius;. 
and also in a cave in the Isle of Rodriguez. 
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The organic remains met with in the Recent for- 
mations, though they belong to species familiar to 
us, and may not therefore be so striking as some of 
the remarkable fossils occurring in more ancient 
rocks, are, nevertheless, not without interest in a 
geological point of view; for they afford both a 
clear illustration of the manner in which such re- 
mains may be preserved, and also evidence of the 
existence of these animals at a remote era of the 
history of the world. Whilst at the same time, the 
very fact of their preservation in an unfossilized 
state proves that the extinct organic remains, which 
have been converted into mineral substances, must 
have been subjected to conditions, either altogether 
differing from those at present prevailing on the 
earth; or carried on through countless ages, long 
antecedent to the recorded creation of man. 

The principal situations in which the remains of 
recent species have been found, are in caves and Jls^ 
tures ; in lacustrine formations^ or deposits formed 
in lakes; in peat bo^s or marshes; in volcanic for- 
Tnations ; by means of landslips ; in accumulations 
of mud or sand ; and enclosed in coral rocks. 

The bones of recent species of animals, as well as 
those of the human race, and even coarse pottery, 
have been discovered in caves^ similar to that at 
Kirk dale ; and in some instances, these remains have 
been found mingled with those of extinct species of 
animals. The latter circumstance may, in some 

L 
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cases, be accounted for, by supposing the bones to 
have been washed in by a river or flood ; either at 
successive periods, or simultaneously, owing to the 
disintegration, or crumbling away of older rocks con- 
taining the bones of more ancient animals ; which, 
by such means, might become miogled with the 
recent. In other instances, however, as in the cave 
of Paviland, in Glamorganshire, the remains appear 
to have become mingled by means of ancient dig- 
gings. 

These *^ mountain cells" often afforded a place 
of retreat, for the native inhabitants in times of 
invasion, even at a comparatively modem period. 
As late as in the reign of Edward YI., we learn 
that, during the Protector Somerset's expedition into 
Scotland, some of the Scotch peasantry took shelter 
in caves near Long Niddry, when these unfortunate 
fugitives were smothered in their place of conceal- 
ment by some of Somerset's followers. Such occur- 
rences may frequently have taken place in more 
barbarous ages, and bones and rude manufactured 
articles have thus been deposited in these caves; 
and when succeeding generations occupied these 
hiding places^ the new tenants may have dug the 
floor, either to conceal their treasures, or to render 
them more commodious habitations. The floor of 
the cave in all these instances, may have become 
subsequently encrusted with stalagmite; in which 
state the mingled remains were discovered. 
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%ells of eadstiiig freshwater molluscs are found 
in cM lahe9 which have been filled up, together with 
peat, and remains of hazels, yews, oaks, pines, alders^ 
&c. The bones of the stag, or red-deer, of the 
fallow-deer, the beaver, and oAer exktiDg quadra* 
peds, as w^U as l&ose of birds and insects, are also 
of frequent occurrence in lacustrine 4^fKmti^ as these 
fofmatioBs in lakes are termed. 

Skeletons of animals, and of the human species, 
Imito not unfrequently been discovered in peat-hogi^ 
Of peat^fnosseSy into which they appear to have sunk 
in a manner omilar to that in which the mastodon 
became entombed in the salt-lick of North America^ 
The most remarkable instance on record, is that of 
an embedded moss-trooper. In the year 1542, the 
battle of Solway took place between Henry YIIL 
and James T. of Scotland, when the Scotch army 
was routed, and an unfortunate troop of horse, in 
making a hasty retreat, plunged into a morass, 
which instantly closed upon them. The accoimt of 
this transaction was merely traditional^ but, after 
the lapse of nearly two centuries, the truth of the 
narration was confirmed by the discovery, (made by 
some peat-diggers,) of a man and horse in complete 
armour, on the very spot where this event was 
recorded to have happened. The skeletons both of 
the man and horse were well preserved, and the 
different parts of the armour might be distinguished 
with facility. 

l2 
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Peat, tlie substance in which these remains were 
so remarkably preserved, bears so close an analogy 
to some of the most interesting formations which it 
falls under the province of geology to describe, that 
we cannot pass it unnoticed. 

Peat^ according to Dr. Mac CuUoch, is intermediate 
between vegetable matter and lignite; the conver- 
sion of peat into lignite being gradual, and brought 
about by the prolonged action of water, which, as 
we have before seen, appears to have been instru- 
mental in forming all stratified deposits. Peat is 
formed in moist situations^ and generally where the 
temperature is low, because in hot regions the de- 
composition or decay is too rapid to admit of its 
formation; it therefore is seldom, if ever, found 
within the tropics; but abounds more and more as 
we advance further from the equator. Peat-mosses 
occur in many parts of (xreat Britain^ and are said 
to spread over one-tenth part of Ireland ; they also 
cover a considerable extent of surface in the north 
of Europe. 

This substance may be composed of any plants 
capable of growing in moist situations, but the peat 
in these islands, and in the north of Europe, is chiefly 
formed of a species of moss, called the spagnuta 
pcdugtre. This plant possesses the peculiar property 
of throwing up new shoots in its upper part, whilst 
the lower extremities are decaying. Beeds, rushes, 
and other aquatic plants may usually be traced in 
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peat, often so well preserved, that tHere is no diffi- 
culty in distinguishing the particular species. A 
certain quantity of earthy matter is generally inter- 
spersed through the peat, or disposed in layers, like 
the strata of shale in the coal-fields. Buried trees, or 
subterranean forests, as they are sometimes called, are 
frequently found in peat-mosses, occasionally with 
their trunks erect, in the attitude of growth, and 
with their roots still fixed in the sub-soil. The trees 
found in these spots consist principally of the oak« 
the birch, and the fir; the oaks being most abundant 
where the substratum is clay, and fir trees in sandy 
formations. Acorns, cones, leaves of the oak and fir, 
and hazel nuts, are frequently met with in peat. 

It is a curious fact, that many peat-mosses covex 
the sites formerly occupied by forests, which have 
been known to be destroyed within the historical 
era ; and it is supposed that the greater number in 
this island are not so ancient as the time of Julius 
Csssar. At that period, extensive woods appear to 
have flourished on the spots now occupied by many 
of the peat-mosses : and the only remaining vestiges 
of the forests described by that general, as situated 
along the line of the great Roman way in Britain, 
are these accumulations of peat. This change 
has been attributed to the policy of Severus, and 
other Roman emperors, who caused the woods to be 
destroyed in the conquered provinces. Some of the 
British peat-mosses are, however, of more recent 
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origin ; the localities they now occupy, haTing been 
covered with forests at a much later period; thon^ 
many of these also were trausformed by the agency 
of man; the trees haying been cut down and burnt 
to the ground on account of their affording shelter to 
rebels and outlaws, or to the still xmsubdued natiTes. 
The Welsh woods were in this manner destroyed in 
the time of Edward I., and many of those in Ireland 
during the reign of Henry II. Some peat-mosses^ 
however, have been formed by natural means; 
thus, the overthrow of a forest by a violent storm, 
about the middle of the seventeenth century, gave 
rise to a peat-moss near Lochbroom, in Boss-shire. 
The prostrate trunks prefvent the free circulation of 
atr, and water lodges and soon beccMnes stagnant in 
such situations; which, being favourable to the 
growth of aquatic plants and of mosses, peat-bogs 
rapidly accumulate, and ^^ desolation reigns where 
stately forests of pine and oak once flourished." 

But whilst the rulers of the earth, in the prosecu* 
tion of their schemes of ambition, were thus laying 
waste lands capable of profitable cultivation, the 
mighty Buler of nature employed His agents in ren- 
dering these desolated spots, in another way condu- 
oive to man's benefit. Peat, though inferior to coal 
as an article of fuel, is a most useful substitute for 
that valuable material, especially in countries wheee 

coals axe d«ar,' 

For they come far by wind oad tide. 



ORGANIC REMAINS. 151 

And in many districts in the British, islands, peat 
forms the entire supply of fuel for the peasantry. 

In our progress through the various geological 
periods, we have noticed three distinct species of 
coal : — anthracite, or culm; bituminous coal; and 
lignite. Culm appears to owe its difference from 
'Goal to the peculiar conditions imder which it has 
been formed^ and both may be described as belonging 
to the more ancient part of the Secondary period; 
whilst lignite belongs to the later formations of that 
period, and to those of the Tertiary period. Peat may 
be considered as the species peculiar to the Becent 
period; for it evidently bears a great resemblance 
to the coal of the carboniferous era, as well in the 
manner of its formation, as in its structure. Both 
owe their origin to accumulated masses of vegetables^ 
and we may also, add, both appear to have been 
chiefly formed by plants of the moss kind ; differing, 
however^ widely in their dimensions; for it is the 
small moss, the spagnum palustre (before alluded 
to), which has been most instrumental in the for- 
mation of peat, and it is the gigantic moss, the 
lepidodendron, which (according to M. Brongniart) 
has contributed more than all other vegetables to 
the formation of coal. One cause of the difference 
between peat and coal, appears to be the extreme 
pressure to which coal has been subjected ; for it is 
a curious fact, that peat, when placed under artificial 
pressure, becomes more valuable as fuel, and taken 
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weight for weight, affords light and heat equal to 
some kinds of coal. Perhaps the inference which 
may be drawn from this, is, that culm, or anthracite, 
has been formed (in a manner analogous to that 
employed in preparing charcoal, which, as before- 
mentioned, it resembles in its composition,) by 
exposure to heat whilst under pressure ; coal, under 
pressure of super-incumbent rocks^ without a sufficient 
degree of heat to destroy the vegetable structure; 
lignite, under pressure of deep water; and peat, 
under that of the atmosphere. A supposition which 
will remind us of the circumstances under which the 
three descriptions of igneous formations, granite, 
trap rocks, and lava, are supposed to have cooled. 

The most remarkable remains which have been 
found in volcanic formcUions are those in the buried 
towns of Herculaneum and Pompeii. In the bar- 
racks at the latter place, the skeletons of two soldiers 
chained to the stocks have been discovered ; and in 
the vaults of a country-house in the suburbs, those 
of seventeen persons were found, who had apparently 
retreated thither with the hope of escaping. In the 
same villa, was found the skeleton of a woman, 
(thought to have been the mistress of the house,) 
with an infant in her arms. Eound the neck of 
this skeleton, a chain of gold was found suspended, 
and rings set with jewels still remained on the 
fingers. 

Organic remains are liable to become embedded by 
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means of landslips^ which are portions of land which 
separate and sKde down, either in consequence of 
being nndermined by water washing away the lower 
beds which support them, or from the disturbance 
of an earthquake. By suddenly precipitating large 
masses of rock and soil into valleys, landslips some- 
times overwhelm great numbers of animals, and 
even whole villages, with their inhabitants. The 
number of lives lost by the slide of the Rossberg, in 
Switzerland, in 1806, was supposed to exceed eight 
hundred. Landslips occasionally transport trees 
without injury from the hills on which they grew 
into the valleys beneath, where they continue to 
flourish ; and during the earthquake in Calabria, in 
1783, a small inhabited house standing on the trans- 
ported mass of earth, was carried down entire, and 
without injury to the inhabitants. On a smaller 
scale, landslips often give rise to narrow ravines, or 
chines j' at the head of these, chines there is always 
a spring, the waters of which are instrumental in 
producing these slides, which frequently take place 
after severe frosts. Shanklin chine, in the Isle of 
Wight, appears to have been thus formed. 

The drifting sands of Asia and Africa have en- 
tombed many of the relics of antiquity, and in some 
places the only traces of cities are the minarets which 
are seen penetrating through the sand. A subter- 
ranean city was discovered in India, in the year 1833, 
situated near Behut, to the north of Saharunpore, and 
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about one hnndied miles from DelhL This town 
appears to haye been buried in mud and silty washed 
down fiom the neighbouring hills. The lemains 
hitherto discovered, have led to the suppodtion that 
this city must have been buried at a period not long 
subsequent to the Christian era. The bones are not 
fossilized, and many of the implements found in this 
place, much resemble some still in use in Hindostan. 
This city was buried seyenteen £eet below the pre^ 
sent surface of the country. 

Organic remains are also not unfrequently found, 
embedded in aocumubiticms of sand and mud, at the 
.mouths of riyers, or in delUUy as such formations are 
termed. Many large riyers, b^ore they empty 
themselves into a lake, or into the sea^ divide into 
separate streams, forming two sides of a triangle, of 
which the sea makes the base, within which an 
island, or formation of land, is included. The name 
delta was (mginally given to an accumulation of this 
description, at the mouth of the river Nile, on account 
of the resemblance of its form to that of the Greek 
letter A (delta). The term is, however, applied by 
geologists to all such accumulations^ even though 
■they may not assume that particular form. The 
length of time a delta takes to accumulate, depends 
greatly on the nature of the soil through which 
a river flows; for if hard granite rocks form the 
channel, the deiritm, or particles ahraded^ or worn 
from the rocks, by the action of the water, vnill 
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be small; but if the stream should pass tbrougb soft 
fennatioiis, or througb sandy soil, this will be veiy 
considerable. In hot climates, deltas^ on account 
of their being surrounded by water, and the conse^ 
quent moisture of their atmosphere, are peculiarly 
adapted for the growth of some species of plants; 
and usually bec(»ne the abode of numerous animals, 
particularly of crocodiles, the modem representativea 
of the saurian tribe; and, when succeeding accumu* 
lations are formed, their remains are frequently found 
embedded .in such formations. 

The most remarkable remains that have been dia* 
covered in cored roeh^ are some fossil skeletons of 
the human species, which have been found in the 
West Indies, on the north-western side of the Island 
of Guadaloupe. The rock in which these skeletons 
are embedded, is the work of small coral polypes, 
very similar to those which have so largely con- 
tributed to the formation of the limestone rocks^ 
from, the earliest stratified rocks, to the present day. 
These formations are not very compact at first, but 
sand and minute shells usually drift into the in- 
terstices, and thus a solid rock is formed. That at 
Guadaloupe is said to be as hard aa statuary marble» 
The polypes^ which form the coral^ do not exist at any 
great depth under the water, nor do they carry on 
their operatioBS above its surface; we must therefore 
siq>pose that at the period these human remains 
were deposited in this spot, the coral formation 
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existed at a certain depth below the snrface of the 
ocean, and in a situation where a vessel or canoe 
might probably be wrecked: the bodies of the navi- 
gators might thus be lodged in the coral formation, 
and subsequently encased, by the polypes continuing 
their labours. A skeleton from the Island of Qua- 
daloupe may be seen in the British Museum. The 
skuU, however, in this specimen is wanting : though 
a skull discovered in the same formation, and which 
is in the collection of the Literary and Philosophical 
Society of South Carolina, is said to have belonged 
to this identical skeleton. These remains are con- 
sidered to differ from the Carib, and to present all 
the characteristics of the American or Peruvian 
race. 

We have already alluded to the fossil infusoria 
discovered by Professor Ehrenberg, in the more an- 
cient formations ; the remains of existing species of 
these minute creatures have been found in the recent 
formations, and the greater number have been iden- 
tified with species still inhabiting the localities where 
they have been found in a fossilized state. One 
remarkable mineral substance, called herg-mehl^ or 
mountain mealy has been found to contain no less 
than nineteen different species of infusoria, the 
mineral being wholly composed of their .siliceous 
shields. This substance has been met with in Tus- 
cany, in Lapland, and in other places. In Lapland, 
it is sometimes eaten in times of scarcity, when the 
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Laplanders mix it with ground com, and the bark of 
trees, to make their bread. It was thus used in the 
district of Degerfors, in 1833, and is superstitiously 
considered as a gift of the great spirit of forests. 
There can be little doubt that the animal matter 
contained in the berg-mehl, may render this in some 
degree nutritious. Probably it was a formation 
similar to this, that many years since, was used to 
make bread by the inhabitants of Lusatia, when, in 
a season of distress, some persons are said to have 
been almost entirely supported by a kind of earth. 

Before geological investigations had thrown light 
on the subject, all accumulations of shells found in 
elevated situations, were supposed to have been de-* 
posited in such localities by the waters of the 
Deluge. Careful observations have, however, shown 
that in many instances the animals must have lived 
and died on the spot, and in some cases must have 
existed there for very many years: whereas, accord-* 
ing to the Mosaic account, the waters of the Deluge 
only prevailed on the upper parts of the earth for 
a few months. These waters also appear to have 
risen gradually, and gradually to have abated. Nor 
have we reason to suppose that any terrible convuU 
sion of nature accompanied this destruction of the 
guilty race of man : nay, on the contrary, we may 
imagine these waters to have been instrumental in 
increasing the fertility of the earth, in diffusing the 
soil over certain portions of the globe, and in spread- 
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ing seeds of plants. For the ground, whicH at tbe 
fall of our first paientSy kad been cursed for man's 
sake, and doomed to bring forth thorns and thistles, 
had, if we may so express ourselves, by this immer- 
sion beneath the waters, this baptism, become re- 
generate, and the announcement was at this epoch 
graciously made, that the ground should no longer 
be cursed for man's sake*. As, when the dove was 
sent forth out of the ark, we find that the olive-tree 
was growing, so have we ample reason to ccmclnde 
that all vegetation had not been destroyed. 

It is curious to observe the attempts that were 
made, before geology and the sciences which lend- 
their valuable aid in its illustration, had been brought 
to the perfection they have now attained, to account 
for the extraordinary remains that were occasionally 
met with. Shells found on the summits of moun- 
tains, were conjectured to have been deposited there 
by pUgrims in their progress to various shrines: the 
bones of elephants to be those of animals of that 
kind brought into the north, either by the Cartha- 
ginians or by the Romans, and which had perished 
on the spots where they were found. The immense 
numbers that were discovered, however, soon ren- 
dered these utterly unsatisfactory explanations; aud- 
it was surmised that these shells and Ixmes, as well 
as other kinds of fossils, were mere accidental forms 
assumed by stones : or, as they were termed, '^ sports 

* See Gen. iii. 17^ 18; and viii. 21. 



0B6ANIC RBMAimS. 159 

of nature/ Happily all these absurd notions are 
exploded ; but one or two instances of mistake and 
deception arising from want of better information, 
which occurred in those days of ign<»ance on such 
subjects, may not be wholly without interest or 
advantage. 

A professor of the name of Scheuzner, who lived 
in the beginning of the eighteenth century, and 
who in his day ranked high as a man of science, 
having discovered some fossil bones, mistook them 
for those of a man, and published a particular ac^ , 
count of these curious remains, as affording evidence 
of the universal deluge. These bones have been 
ascertained to be none other than those of the gi- 
gantic salamander, mentioned as having been found 
at Oeningen*. 

Some bones were discovered in the year 1577> 
near Lucerne, and a famous anatomist having ex- 
amined them, pronounced that they must have 
belonged to a giant, nineteen feet in height : an imagi- 
nary portrait of this supposed giant of the human race 
was painted and deposited in the Hotel de Ville in 
that city, where it remained for many years. There 
can be little doubt that had these bones fallen into 
the hands of Dr. Buckland, or of Dr. Mantell, they 
would at once have pronounced them to be those of 
the megalosaurus, or of some other animal of the 
saurian tribe. 

• Seepage 111. 
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But perhaps the most ahsnrd story of this dea- 
criptioo, though at the same time not quite so 
blameless as the preceding accounts, is the imposition 
which was practised in France, at the commencement 
of the seventeenth century. In the year 1613^ some 
bones were discovered in a sand pit, not far from 
Serres; (in the department of the Hautes Alpes.) 
Many of these bones were broken by the workmen, 
but a surgeon in the neighbourhood having obtained 
possession of them, succeeded in imposing on the 
credulous public These bones were exhibited in 
Paris and other cities of Fraince, as those of a man 
of gigantic stature; and in order to give an interest 
to these remains, the possessor gave out that he had 
discovered them in a sepulchre, thirty feet in length, 
bearing the inscription of Teutobochtu Bex. He fur- 
ther asserted, that he had found fifty medals bearing 
the head of the Roman consul Marius, and that there 
could be no doubt that these remains must be those 
of Teutobochus, who was king of the Cimbri, at 
the period of the contest between that nation, and 
the Roman forces, commanded by Marius. This 
fiction gained universal credit in France; but it was 
subsequently discovered, that the medals were fabri- 
cated^ and that the pretended giant's bones were 
those of an elephant. 

Any person possessing some knowledge of ana- 
tomy, might readily have perceived the difference 
between these bones and those of a man; but in all 
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probability, those to whom these remains were ex- 
hibited, were totally ignorant of that science ; and 
geology had not then brought to light the various 
^' long-buried bones" which have been disclosed in 
this age of research. 

Error is the offspring of ignorance; and were 
there no higher end in view attached to the pursuit 
of science, the mere circumstance of avoiding the 
risk of being thus imposed on, might be sui&cient 
to induce us to give it a share of our attention. 
But there is a more exalted end in view : for we 
are aware that it is the object of all science to 
attain to a knowledge of truth; and the attentive 
consideration of the facts it discloses, tends ^' to con- 
firm us in the conviction of that truth, which is the 
foundation of all religion and piety — ^the Being of 
one God, incomparably excellent, the Maker and 
Upholder of all things." 
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CHAPTER XIV. 

RECENT PERIOD. CHANGES IN PROGRESS. 

CONCLUSION. 

It has been before observed, tbat cbanges have taken 
place witbin the recent period, even on onr own diores. 
Thus, in some parts, flt)urisbing cities, wbicb existed 
at no distant period, have been swept away, and 
their site is now occupied by a sand-bank, or a shoal, 
beneath the waters of the sea; whilst, in other 
localities, land has been gained, and large and popn- 
lons towns have been erected on tracts formerlT' 
occupied by the waves. Hence, though in this 
country, we may not witness any of the striking 
effects, which in some other regions are bronght 
about by earthquakes and voksnoes, we may have 
frequent opportunities, by means of historical records 
handed down to us, of tracing aqueotts changes^ or 
those which time and the action of the waves have 
produced. We may see 

— — — Tlie hungry ocean gain 



Advantage of the kingdom of the shore ; 
And the firm soil win of the watery main. 
Increasing store with loss, and loss with store. 

An account of some of these changes may not be 
iminteresting. Commencing with the Shetland, or 
Zetland Isles, we find that the wild winds and waves 
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are making great devastations on the shores. The 
Zetland Isles are formed of the hardest description 
of rocks, including granite, gneiss, mica-slate, ser- 
pentine and porphyry; but, being exposed to the 
unbroken violence of the Atlantic ocean, and to the 
strong westerly gales which sweep across that vast 
expanse of water, these solid rocks are undermined, 
and shattered; and thus large piasses of granite are 
frequently detached, and sometimes carried by the 
force of the waves, a hundred and twenty^ or a hun- 
dred and fifty feet, up the steep shores. And, (to 
use the words of a distinguished writer, who visited 
these islands,) ^^ the foam of the sea plays at long 
bowls with a huge collection of stones, some of them 
a ton in weight, but which these fearful billows 
chuck up and down^ as a child tosses a ball." 

Such devastations, in the course of time, reduce 
the size of islands, and it not unfrequently happens 
that clusters of bare granite rocks remain, which 
there is every reason to suppose, were at one time 
united to the land. This arises from the different 
c<»nposition of the masses which form the shores, 
in consequence of which some parts are sooner acted 
on by the waters than others. Thus, in these 
islands, we find that the gneiss and slate formations 
jrield to the mighty force of the waves, whilst the 
granite longer withstands their fury, and accordingly 
often presents these detached clusters of rocks, which 
sometimes assume the most fantastic forms. 

M 2 
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The action of the sea, when the coast is low and 
sandy, leads to very different results. The waTes, 
in that case, impel the sand forward npon the shore, 
where, at every ebb of the tide, it becomes partially 
dried, and is drifted along the beach by the wind. 
By degrees, dunes ^ dovms^ or hUUofscmd^ are formed, 
the higher parts of which are continually carried 
slowly forward inland; and not unfreqnentlyby this 
means fertile lands are overwhelmed, and buried in 
sand. In some instances, however, certain plants, 
capable of thriving in such soils, take root in these 
sand-hills, and the creeping roots binding the mass 
together, their further progress is thus prevented. 

The coast of Elgin affords a striking example of 

the sand-flood, as it is termed. In this county, to the 

west of the river Findhora, there existed previous to 

the year 1677, a remarkably fertile district, between 

which and the sea, hillocks of sand, covered with 

vegetation, had stood from time immemoriaL The 

inhabitants of the district, however, inconsiderately 

pulled up the bent-grass and juniper which had 

bound these hills together ; this natural guard being 

thus removed, the sand was set at liberty, and 

drifted inland, overwhelming the habitations, and 

desolating the whole of the fertile district before 

mentioned. The mouth of the river Findhom was 

also choked up by the sand, but the waters of that 

river cut out for themselves their present channel; 

and the old town of Findhom, which had originally 
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stood on tlie eastern side of the river, was left on 
its western bank. This, however, was deserted, and 
a new town erected on the eastern side of the newly 
formed channel. The site of the old town is now. 
qnite covered by the sea. 

We cannot pause to consider all the changes 
which have taken place on the shores of Great 
Britain, but must content ourselves with a slight 
notice of the most remarkable. In Yorkshire, the 
rate of waste of land is said in some parts to be 
little less than twelve feet annually; and the ancient 
sites of many towns and villages in that county, are 
now occupied by sand-banks in the sea. Among 
these is Ravenspur, from whence, in the year 1332^ 
Edward Baliol and the confederated English barons 
sailed to invade Scotland: where also, in 1399, 
landed Henry of Lancaster, afterwards King Henry 
the Fourth. This ancient seaport town, once of 
such importance that it was a rival to Hull, has 
been altogether swept away,, and nothing is now 
to be seen of the site it occupied, save extensive 
sand-banks, which are daily covered by the waves, 
though still visible when the tide retires. 

But whilst cliffs, and strata of sand, or clay, are 
thus falling to decay, we find in other parts, estu- 
aries*, or arms of the sea, are not unfrequently filled 

* Estuaries are nlets, or arms of the sea, which are 
entered both by a river and by the tides of the ocean. 
The mouth of the river Thames is an example of an 
estuary. 
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Up, and in some instances £nn and habitable land 
is gained. 

Rivers in their course, to the sea, nsaally cairy 
down with them a considerable portion of silt^ which 
consists of fine particles of sand^ ^^Ji o^ other 
earths. So long as the river finds a clear passage into 
the ocean, this silt is transported into the bed of the 
sea, and, in some instances, causes the water to be 
discoloured to a considerable distance from the shore; 
but should a shoal, or sand-bank, be formed at the 
mouth of an estuary, the silt will be impeded in its 
progress; and, in process of time, the mouth of the 
river will be choked, or, as it is termed, silted up. 
The river sometimes, in such cases, takes a new 
course, and not unfrequently lakes are formed. The 
soil thus accumulated, is termed allumumy or allu- 
vial 8oil^ and usually affords excellent pasture-lands. 
We meet with some instances of estuaries thus filled 
np in Norfolk, in which county the historical records 
we possess, enable us to trace some remarkable 
changres. 

Norfolk, at the period the Romans occupied 
this island, was, on account of its proximity to Den- 
mark, at that time the abode of the Yikingr, or 
8ea-kings, much exposed to their attacks, and 
formed an important frontier station, in consequence 
of which numerous forts were erected by the Romans 
in various parts of this county. The greater part of 
these fortresses have crumbled to dust : the Roman 
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power has long since passed away: but memorials 
have been handed down to us, which are of great 
geological interest, on account of their giving us an 
opportunity of distinctly tracing the various changes 
which have taken place in this part of our island. 

We have placed this map of Roman Norfolk, in 
juxta position vnth a modem map of the same 
county, as the most efficient mode of affording an 
illustration of this subject. By a comparison of the 
two maps, the alteration that has taken place will be 
very readily observed. 

Roman Norfolk appears to have been an island, 
bounded on the west by an estuary, into which the 
river Ouse flowed, and on the south by the rivers 
Ouse and Waveney, at that period streams of con- 
siderable importance. The north and east were, 
as at present, bounded by the ocean. The ancient 
estuary, called the Metaris JBstuarium, has been 
silted up, and covered with alluvial soil; and though 
some parts still consist of swamps, or marshes, the 
greater portion of the space it occupied, is now con- 
verted into productive arable and pasture land. But 
whilst land has been formed in this spot, the cliffs 
near Holme, on the northern coast, owing principally 
to the undermining of the arenaceous, or sandy beds, 
below the chalk, by the waters of the ocean, have 
been rapidly crumbling to decay. 

On the flat shores near Weybourne, again, dunes, 
or hills of blown sand, are fast accumulating ; and as 
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these are bound iato a compact mass by the long 
creeping roots of a plant called marram, (the axundo 
arenaria,) they axe iK.t dnTea forwards by the wiad, 
but retain their ffltuation; forming a secure barn^, 
which protects the harbours of Wells, Gley, and some 
other places. Weyboume was a Boman station; 
and is also supposed to have been the usual landing- 
place of the Danes in their invasion of England: 
though probably the ancient site has been buried in 
sand. 

Passing from Weyboume, we again meet with 
cliffs, which we find to be rapidly disintegrating: 
the whole site of ancient Cromer being in the 
German ocean. Proceed a little southwards, the pro* 
gress of decay becomes very strongly marked, eyea 
on a map of this small scale; and it will be observed 
that in the modem map, the coast has aitirely lost 
the roimded form represented in Roman Norfolk. 
In this part of the county, the waves sae still 
eonti&uing their work of destruction, for the cVi£b 
a|^ar to be decreasing at the rate <^ three feet 
annually; and many villages have disappeared, and 
much valuable land been lost by the power of tiia 
waves. 

No sooner, however, do we arrive at the termina- 
tion of the cli^, than we find hills of blown sand 
fast accumulating. Referring to ihe map of Anoient 
Norfolk, we perceive that the eastern portion was at 
that period occupied by a bay, thickly studded with 
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islands. The whole of this has been filled np with 
alluvia! soil; and thousands of acres have thus been 
gained, and converted into cultivatable land. The 
numerous lakes which exist in this part of the 
county, are the only remaining evidences of this 
ancient bay. Caistor (or Castle), was one of the 
Roman stalaons, and in the time of the Romans, was 
situated on an island, at some distance from the 
mainland, while the portion of land on which Yar- 
mouth now stands, formed part of the bed of the 
ocean. Accumulations of silt, borne down by the 
Yare, and other rivers, added to the hills of blown 
sand, have gradually filled up this estuary ; and the 
sands on which Yarmouth is built, became firm and 
habitable land about the year 1008. The sea con- 
tinued to make occasional inroads until the r^gn of 
£liisabeth, but since that period, the waves have 
made no considerable advances on this coast. 

Great changes are also known to have occurred^ 
kotii in Suffolk and Essex, within the historical 
era; but as we must confine ourselves to a few 
particulars, we will only mention the formation of 
Lowestoff Ness, and the loss of land at Dunwich, 
both in Suffolk. 

At Lowestoff^ there is an inland cliff, about sixty 
feet in height; and between this cliff and the sea 
Hiere is a low flat tract of sand, called the Ness, 
adbout three miles long, the point of which projects 
nearly two thousand feet into the sea from the base 
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of the cliff. This acce&sion of land appears to have 
been fonned at distant intervals, by the influence 
of currents running between the shore, and a shoal 
about a mile off Lowestoff^ called the Holin Sand. 
The lines of growth are indicated by ridges, or em- 
bankments, several of which have been formed within 
the observation of persons now living, usually during 
some extraordinary high tide, attended with a violent 
gale. A bank of shingles has been first thrown up, 
and deposited at the foot of the cliff. The interstices 
between the shingles soon become fiUed with sand, 
in which the arundo, and other marine plants by 
degrees introduce themselves, and by their creeping 
roots, bind the mass firmly together. In the mean 
time, another ridge is formed, which in its turn 
becomes consolidated like the preceding bank. Sub* 
sequently, the marine plants deca3dng, a vegetable 
mould is formed, in which grass and vetches thrive; 
and at length, the whole becomes covered with good 
pasturage, and the ridges sufficiently firm to support 
the habitations of man. 

Dunwich, on the other hand, has been almost 
entirely demolished by the sea. This town was, in 
olden times, a place of much importance, and is said 
to have been an episcopal see in the year 630, in 
which case it must have been one of the earliest 
established in this island. The see was subsequently 
removed by William the Conqueror to the city of Nor- 
wich, probably on account of the ravages committed 
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on Dunwich, even previous to that period; for it is 
on record in Doomsday Book, tliat considerable tracts 
of land had been devoured by the sea in that neigh- 
bourhood. It was once so considerable a place that, 
according to Spelman, it contained fifty-two churches 
and monasteries; and even as late as the fifteenth 
century, it vras a populous town; but nothing of 
this once flourishing place now remains, except a 
small village with about twenty tenements, and 
scarcely more than a hundred inhabitants. 

In the county of Kent some changes of great 
interest are on record. First, taking our course up 
the estuary of the Thames, we arrive at Heme Bay, 
to which at one period the name of " Bay" was not 
misapplied; but the waves and currents have entirely 
swept away the ancient headlands. Then retracing 
our steps, and proceeding towards the North Fore- 
land, we pass Reculver, whose remarkable church, 
with its two lofty spires, has for thirty-five years 
only formed a landmark to the mariner, the church- 
yard, and many adjoining houses, having been swept 
away in the year 1804: but in the reign of Henry 
the Eighth, this church was a mile distant from the 
edge of the clifi^; and in the time of the Romans, it 
was an important military station, under the name 
of Regulbium. 

At that period, the Isle of Thanet was in fact an 
island, separated from the mainland of Kent by 
km estuary, which formed a navigable channel, and 
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through which the Roman fleets sailed in their 
coarse to the Thames, instead of sweeping round 
the North Foreland. The entrance to this strut 
was at Rutupia, now Richhorongh Castle, near 
Sandwich, and this fort with that of Regolbium 
at the other extremity, defended the entrances into 
this estuary. This arm of the sea, even as late as 
the eighth century, was three furlongs in breadth, 
and the village of Stourmouth marks the spot where 
the river Stour ofice emptied itself into the estuary, 
which is still called the Wantsum ; though no indi- 
cation of this ancient navigable channel now remains, 
save a line of marshy ground, girding the Isle of 
Thanet, and through which a small streamlet winds 
its way. 

There now no river's eonrse is to be seen. 
But moorish fens, and marshes ever green. 

A large tract of land appears also to have been 
added to the coast between Sandwich and Walmer. 
The latter place is supposed to have been the land- 
ing place of Julius Caesar, in the year b.c. 55: not, 
however, the present beach, for owing to the accu- 
mulations of shingle on that shore, the actual beach 
on which Caesar landed must now be very far in- 
land. 

This shingle heach does not appear to have been 

formed, like LowestoflF Ness, at distant intervals, 

by the action of currents during extraordinary tides, 

' but by the ordinary and daily, though long continued, 
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operation of the waves. Eyexy breaker drives before 
it the loose liiaterials it meets in its progress ; but 
as, (unless it encounter opposition from a bard rock 
or cliff,) it returns with less impetus than it ad- 
vanced, it has not sufficient force to sweep back the 
larger pebbles, which accordingly are deposited on 
the sh<H:e, though the finer particles usually descend 
the whole distance. If, however, the breaker should 
dash against a rook, it returns with force equal to 
that with which it advanced, and no such accumu- 
lation takes place ; ifc is therefore principally on flat 
or shdving shores that shingle beaches are formed. 
These accumulations are much influenced by the 
prevailing winds, which on this coast are mostly 
from the westward, and drive the waves in one 
particular direction; and, did the wind set perpe- 
tually from any one quarter, shingle beaches would 
increase rapidly; but, with a change of wind, the 
breakers take a different direction, and not unfire- 
quently destroy the work of precediug waves: thus 
causing the endless variation we may observe in the 
arrangement of the sand and shingles on the sea- 
shore. And here, among numerous other beneficial 
efiects resulting from the almost incessant changes 
in the wind, we cannot but notice that of prevent- 
ing our harbours from being speedily choked up, 
and also our cliffs from rapid destruction. 

In shingle beaches, or accumulations of shingles, 
we frequently meet with shells common to the sea- 
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shore, in a more or less perfect state ; vntii the bones 
of fish and of land animals, with twigs or branches 
of trees which may have been brought £rom neigh- 
bouring land. Should such a mass become consoli- 
dated, these remains will be permanently embedded 
in it, and all the organic remains, (unless some fossils 
from the neighbouring cliffs should become mingled 
with the pebbles,) will belong to existing species. 
If, therefore, a geologist were to examine it, he would 
at once pronounce it to be a formation of the Recent 
period. 

Such an accumulation, however, may convey to us 
some idea of the formations of earlier periods^ and 
illustrate the manner in which fossils have been col- 
lected in some of the strata ; though, in other cases^ 
there is no appearance of their having been broken 
or washed by the action of the waves, but the ani- 
mals seem to have perished on the spot they in- 
habited, and still to remain in the same locality. In- 
stances of raised beaches, in which remains of this 
description are found, also occur in this country, but 
these belong to phenomena of another class ; being 
supposed to have attained their present position 
by elevatory movements, occurring during the Re- 
cent Period. An account of a raised beach in Barn- 
staple Bay, on the north-west coast of Devonshire, 
as described by Professor Sedgwick and Mr. Mur- 
chison, will form the best explanation of this phe- 
nomenon. 
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This raised beach forms regular sea-cliffs, several 
parts of which consist of stratified masses of cal- 
careous grit and sandstone, so perfectly indurated, or 
hardened, that they appear like secondary forma- 
tions ; for which they might be mistaken, were it 
not for the organic remains they contain. These 
are all identical with the living shells on the coast, 
and are often weU preserved, sometimes appearing 
in beds, and in their condition and arrangement^ 
exactly resembling the shells of a modern beach; 
though found in some parts, at the height of sixty 
or seventy feet above high water level. There is 
every reason therefore to suppose, that this raised 
beach at one period during the Recent era, formed 
the actual beach, on which these molluscs had fixed 
their habitation, when it was daily washed by the 
tide; but that this jcoast was subsequently elevated 
to the situation it now occupies. Nor is this by 
any means a solitary instance of such a disturbance ; 
for indications of similar elevatory movements occur 
in other parts of Devonshire and Cornwall, as well 
as in Lancashire, Cheshire, on the banks of the 
Severn in Shropshire, and in several other localities ; 
recent shells having been found in many places, at 
elevations, varying from three to five hundred feet 
above the level of the sea. 

As there is no reason to conclude that any earth- 
quakes, to which such disturbances can be attributed, 
have occurred in England within the historical era, 
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(unless we suppose this to have been effected by a 
long series of small and scarcely perceptible elevatory 
movements,) the probability appears, that these 
beaches were raised at some period antecedent to 
any accounts we possess. For though numerous 
earthquakes are on record as having happened in 
England during the eleventh, twelfth, thirteenth, 
fourteenth, sixteenth, seventeenth, and eighteenth 
centuries, it has not been ascertained that they have 
produced any permanent changes of level, though in 
some instances they may have caused a temporary 
rise of land ; for we are told that in the year 1110, 
the bed of the river Trent at Nottingham was dry 
for a whole day; and that the same phenomenon 
happened to the Thames at London, in the year 1158. 
The latter earthquake appears also to have been felt 
in many other parts of England*. 

The most recent earthquakes of any importance 
on record in this country, are the repeated con- 
cussions, which in the years 1833, 1834, and 1835, 
were experienced at Chichester and the surround- 
ing country; and these were rather remarkable &om 
their frequent repetition, than from their violence. 
The severest shock was felt on the 23rd of January 
1834, but that was not sufficiently violent to cicca- 

* No less than thirteen considerable earthquakes are 
recorded as having occurred in England during the twelfth 
century ; some of sufficient violence to throw down several 
houses. 
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^OR any s^oua damage, though the pictures aad 
fumiture in the houses were agitated, and the ormar- 
ments on the mantel-pieces visiUj tottered: the 
sensalioa was that of a rumbling sound directly 
OFerhead. 

The oztensiTe underground commuaication which 
evidently exists between earthquakes in distant re«- 
gions is very remarkable, and waa singularly exem- 
plified by the memorable earthquake of the 1st of 
November, 17^^9 by which the greater part of the 
city of Lisbon was destroyed, and above sixty 
thousand p^sons perished. 

The movement on this occasion was most violent 
in Spain, Portugal, and the north of Africa, but 
nearly the whole of Europe, and even some parts of 
North America, and the West Indies^ felt the shock 
on the same day. The agitation of the ocean in 
distant parts, as weU as that of rivers, lakes, and 
springs, was remarkable. The sea ebbed and flowed 
in an unusual manner both at Antigua and Bar- 
bados. At Lyons, the river Saone suddenly over- 
flowed its banks with extreme rapidity; and at 
Avignon, the Rhone rose twelve feet above its ordi- 
Barjr exteeme limits, and laid the aunounding country 
under water. The same phenomenon was observed 
in the rivers of Germany. The ships off Ports- 
mouth were violently agitated ; and the sea was ob- 
served to ebb and flow in a remarkable manner in 
many parts of the coast of Great Britain and Ireland. 

N2 
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The riyers and springs were also affected, and even 
the ponds of Surrey and Kent. "Wynander Mere 
rose in an instant seven feet, and as suddenly sub- 
sided. LocH Lomond also rose suddenly without 
any apparent cause, and overflowed its banks, depo- 
siting boats on dry ground above a hundred feet from 
its usual margin. No agitation of the ground how- 
ever appears to have been felt» except at Irton, in 
Cumberland, and at Cork; a considerable shock 
having been experienced at the latter place. 

The agitation was felt at sea, where the mariners 
in many instances supposed they had struck against 
sunken rocks ; and one ship, forty leagues distant 
from Cape St. Yincent, experienced so violent a con- 
cussion, that the men were thrown up above a foot 
from the deck. In Portugal, where. this convulsion 
of nature was most severely felt, chasms or fissures 
were formed in the earth, most of the mountains 
were rent, and large masses thrown into the valleys; 
and scarcely a town escaped without some marks of 
devastation. Successive shocks continued to agitate 
the earth at intervals for forty days. 

The number of active volcanoes on the surface of 
the globe is very considerable; and it is supposed 
that on an average, about twenty volcanic eruptions 
take place every year. In Europe there are five 
volcanic districts, — Vesuvius, Etna, Vulcano, San- 
torin, and Iceland ; in these about fifty eruptions ar& 
recorded to have occurred during the last century* 
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There can, however, be little doubt that many erup- 
tions may have taken place beneath the waters of 
the ocean, and have passed unnoticed. On some few 
occasions the gradual formation of an island by a 
submarine eruption has been observed; but these 
islands are rarely of long duration. A volcanic island 
made its appearance in 1831, in the Mediterranean 
Sea, between Sciacca, in Sicily, and the island of 
Pantellaria, to which the names of Sciacca, Graham's 
Island, and various others were given, but before the 
end of 1833, this island had disappeared, and nothing 
remained but a dangerous shoal. 

In our consideration of the Recent period we have 
perceived that changes are very evidently still in 
progress on the surface of the earth; and it is a 
highly interesting fact, that a close observation of 
some of these changes, tends to confirm the Mosaic 
account of the duration of the earth in its present 
condition. 

*' There can be no doubt,** says Mr. Lyell, '' that 
periods of disturbance and of repose have suc- 
ceeded each other in every region of the globe." 
The commencement of the Recent period may be 
regarded as the epoch of the last disturbance, or 
revolution, that has occurred, at, least in this part 
of the globe. The earthquake at Lisbon, is, perhaps, 
the most violent convulsion of nature that has taken 
place in western Europe within the historical era; 
jet even this catastrophe, with the exception of the 
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fbimidable number of human victimg, does not 
appear to have produced any remarkable effects^ or 
to baye given rise to any Tiolent and permanent 
disturbance *. 

Andy (if we adopt the views and ahnost the 
words of one of the most distinguished naturalists 
this, or any age has produced,) we shall fiad 
that a carefdl examination of the changes which 

* Some accoTints recentlj published, also lead'to the con- 
elusion that the changes on the eastern coast of North Ame- 
rica, within the last eight hundred and fifty years, scareely 
equal those in this part of Europe. It appears to be esta- 
blished that Nova Scotiaand Newfoundland were discovered 
towards the close of the tenth century, hj the Northmen, 
or Scandinavians, who subsequentiiy appear to have visited 
several parts of the North American coast. The descrip. 
tions of these shores given by those adventurous voyagers 
have been preserved, and agree ahnost verbally with those 
of modem travellers. The instances of this accordance 
are numerous, but the account given of the remarkable 
promontory on which Gape God is situated, may suffice us 
for on example. To this, from the resemblance of its form 
to the keel of one of their ancient ships, the Northmen 
gave the name of Kialames, (firom kioh-y keel, and net^ 
cape ;) at the same time describing the coast fks presentiDg 
a desert aspect, with sawihilU of a very peculiar appearance* 
This promontory may be observed on modem maps, as 
still retaining the same remarkable form, jutting forth 
into the broad waters of the Atlantic ocean, whose power 
it seems to have withstood ; and its coast is thus described 
by a modem writer : — '^ the duaes or Mtstftttb are often 
nearly b€trren of veffetatiouy and forcibly attract attention 
on account of their peculiarity.** For further partidu&rs^ 
see Journal qf the Geographical Sodettfy vol. viiL, port 1. 
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bare taken place on the surface of the globe, 
since the present dry land has appeared, and the 
continents have received their actual general con- 
figuration, clearly proves that the last revdutioB, 
and therefore man's existence on the earth, cannot 
be referred to an era more ancient than that assigned 
in the Sacred Yolume to the creation of the human 
species, but, as nearly as can be expected in such 
investigations, accords remarkably with that date. 
This is a conclusion at the same time the most 
clearly proved, though perhaps the least expected 
from geology; a conclusion, however, peculiarly 
valuable, as it forms a link between history and the 
Bible*. 

It can only be from calculating the effects pro- 
duced in a giv^i time by certain changes at present 
in progress, and from comparing these with former 
accumulations, that a tolerably correct estimate may 
be obtained of the length of time required for any 
formation to have attained its present dimensions; 
and thus of the lapse of years since the accumulation 
first commenced, and the period at which our con- 
tinents received the form they still retain. For, from 
this era, our present mountains have commenced to 
crumble away, and the taluSy or sloping heap at 
their base, to be formed; our present rivers have 
commenced to flow into our present lakes and seas^ 

* CuviEH, Discaurs sur les Revolutions de la Surface du 
Globe, 
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VMt to ^epftait allavial matter ; our cliffis to be 
QBdenniiied b3r the waves, and our dmnes, or hills 
. of' blown sand, to be formed by the wind. And it 
18 a very striking fact, that all these natnral phe« 
nomena unite in giving testimony, that the present 
order .of things cannot have existed above five or six 
thousand years ; for it has been proved that it must 
have required nearly that number of years, and no 
more, for existing deltas to have been formed, and 
for lakes to have become partially filled up as they 
are at present ; for dunes, and for sloping heaps at 
the foot of mountains, to have attained their actual 
elevation and extent. 

Five or six thousand years would carry us back 
to the era assigned for the creation of man; and to 
a period above sixteen hundred years antecedent to ' 
that of the deluge. But, as has been before observed, 
the waters of the deluge appear to have risen gra- 
dually, and abated gradually. And, as we frequently 
find in ordinary inundations, that land will remsdn 
for months under water, without any marked alter- 
■ation taking place in its general form, so may it 
have been with the waters of the deluge: they 
perhaps may have destroyed a certain number of 
the external or uppermost layers of sand, or of 
detritus, but we have no reason to conclude that th^ 
accumulations then formed, were in all cases swept 
away from the whole surface of the earth. 
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We Have now taken a slight sketch of the leading 
features of Geology, but much, very much, yet 
remains to be told. These few particulars may, how- 
ever, have been sufficiently interesting, to induce us 
to pursue this study, both in the works of the 
numerous and able authors to whose labours we are 
indebted for our knowledge of this science, and 
also in the sublime and inexhaustible volume of 
nature, the work of an *' unseen guiding hand;" with 
which it is our duty, as well as our privilege, to 
make ourselves acquainted. We shall find this 
employment not only delightful, but conducive to 
the highest ends^ for it has a tendency to improve 
and strengthen our minds^ and at the same time to 
impart " a reverent adoration of God's unsearchable 
wisdom ;* an awful dread of His powerful majesty ; 
and a grateful love of His gracious benignity and 
goodness." 

But we must not consider that it is only in these 
past '* ages and worlds," which we have been con- 
templating, and which we have seen " begin, grow 
old, and end," that these " chief and peculiar" 
attributes of the Most High are evidently displayed ; 
for, would we but give our attention to the glorious 
theme, we should find that they are equally manifest 
in the ordinary operations of nature, daily presented 
to our view. And having now formed a slight ac- 
quaintance with Geology, or the Earth in its past 
condition, we may find it interesting to extend our 
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knowledge of the globe we inliabit, by considering 
some particulars of Physical Geography, or the 
Earth as it is : a subject to which we hope at some 
future period to introduce our readers, and which 
will include the present distribution of anim^ ^ 
plants, and minerals, and various other topics rela- 
tive to the actual condition of the earth's surface. 

And most assuredly, whilst pursuing this investi- 
gation, or any other which leads us to c(mtemplate 
the works of the Creator, we shall unheatatingly 
acknowledge, that in the present hour, as much as 
in " Creation s prime," 

Tune, space, height, depth, O God, are full of thee ! 
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Abraded. (Latin, ahradoy to scrape or wear away.) In 
Geology, the term is applied to the wearing away 
of rocks by water or other means. 

AcTiNOLiTS, (Greek, actm*^ a' ray of light; and lithos^ a 
stone,) a crystallized mineral of a green colour; so 
named because the crystals are arranged in the form 
of rays. 

Agoreoate, (Latin, ag^egoy to collect together,) a mass 
of matter, formed of similar, or of different sub- 
stances, heaped or joined together. 

Albite, a species of felspar. 

Algjb, (Latin, olgay sea- weed,) a division of the crypto- 
gamic order of plants, including aU marine vege- 
tation. 

Alluvial, the adjective of alluvium, which see. 

Alluvium, (Latin, aUwoiOy to wash over,) earth, clay, 
sand, gravel, and other matter, transported by 
rivers, floods, or other temporary inundations, and 
deposited on land, not permanently covered by the 
waters of a lake or sea. 

AxuMiifA, (Latin, alummy alum,) the earth called clay, 
of which aluminum forms the base. Common alum 
is mlphate ofaluminum. 

Aluminum, a metal, the base of clay. 

* It has been deemed advisable to give the Greek words, as well as 
all the other roots, in italics. 
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AMumrmSy an extinct mollnscous animal, allied to the 
nautilofly and inhabiting a cbambered shell; so 
called from its resemblance to the horns on the 
statues of Jupiter Ammon. These fossils^ before 
their real nature was understood, were familiarly 
called snake-stones. 

AMTODALon), (Greek, amugdaleoy an almond,) a species 
of trap-rock, m which agates and other rimple 
minerals are scattered; presenting the appearance 
of almonds in a cake. 

Anoflo-therium, (Greek, anaphSy imarmed ; and thericn, 
wild beast,) an extinct mammifer; so named be- 
cause the animal appears to have been singularly 
destitute of the means of defence. See p. 105. 

Akthracite. (Greek, anthrcLXy coal.) This minera 
called also culm, blind coo/, glance coat, and stone 
coaly is a black substance, consisting almost entirely 
of carbon, in the black state in which it exists in 
charcoal. 

Anthraco-therium, (Greek, anthrax, coal; and iherwn^ 
wild beast,) an extinct mammifer; so named be- 
cause the remains of this genus were first discovered 
in lignite, or wood-coal, of the Tertiary Period. 

Aqueous, (Latin, aqwiy water,) watery; formed by 
water. 

Arenaceous, (Latin, arena, sand,) sandy; formed of 
sand. 

Argil, (Latin, argiUa, clay,) clay. 

Argillaceous, clayey ; composed of clay. 

Articulata, (Latin, ariieulus, a little joint,) a division 
of the animal kingdom. See p. 42. 

AsTERLS. (Greek, aster, a star.) Portions of stems of 
the pentacrinite have long been commonly called 
asteris, or star-stones. 
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AuoiTi^ (Greek, auge^ lustre,) a simple mineral of a dark 
green or black eolour, and of shining appearance. 

Basajlt, one of the most common varieties of the trap- 
xocks, of a dark green or black colour, very compact 
in texture, and of considerable hardness. It is often 
found in regular columns, of three or more sides^ 
called basaltic columns. Basalt is composed of 
augite and felspar, and frequently contains much 
iron. The name is supposed to be derived from 
h€L8al^ an Ethiopian word, signifying iron. 

Bajsin, a term applied to the sloping or trough-shaped 
cavity, occurring in older rocks, in which newer 
strata have been deposited. 

Belemnite, (Greek, belerMMfiy a dart,) an extinct genus 
of molluscous animals, having a long, straight^ and 
chambered conical shell. 

Bitumen, (Latin, bitumen^ pitch,) mineral pitch, of 
which the tarlike substance which often may be 
seen oozing out of the Newcastle coal when on the 
fire, forms an example. 

Bituminous, impregnated with bitumen. 

Black-lead. See Graphite. 

BouLDEBS, large rounded blocks of stone, found in some 
parts, lying on the surface of the ground, and occa- 
sionally embedded in loose soil ; which, on account 
of the difference of their composition from that of 
any rocks in their vicinity, bear every appearance 
of having been transported from a distance. 

Breccia, (Italian, breccia^ a breach made in a waU,) a 
rock composed of angular fragments, connected 
together by lime, or some other mineral substance ; 
so named from having been first observed in fis- 
sures, or chasms. 

Calcareous Rock^ (Latin, calx, lime,) limestoner 
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Calcarbovb StaBj crystallized carbonate of lime. 

CiLCBDomr, a simple imcrystallized mhwiiij eompoeed 
of silex. Agates are partly fozmed of caloedonj. 

Calcium, (Latins calxy lime,) a metal, whick locms the 
base of lime* 

Calc-sinter, (Gennan, Jbalk, lime; and mfOem, to drop, 
to trickle,) a depont &om apzings holding carbonate 
of lime in solution; whicb. aro commonly called 
petrifying iq>ring8. 

€alc-Tufa. See Tufe. 

Cambrian, an extensiye series of rocks, bekmging to the 
Secondary Period, of which it is the most ancient 
group. It is classed among the transition rocks. 
See p. '38. 

Carbon, (Latm, earbo^ coal,) a non-metallie elon^itary 
substance, which enteis laigely into the composition 
of coaL 

Carbonate of Lime, limestone. See p. 6. 

Carboniferous, (Latin, carho^ coal; and fsrOf to bear,) 
a term especially applied to cMoe tji the great systems 
belonging to the Secondary Period, which compre- 
hends all the principal coal-bearing stzata. Any 
stratum, however, containing coal, may fae called 
carboniferous. 

Cetacea, (Latin, cete^ whale,) an order of yertebrated 
mammiferous animals inhabiting the sea. The 
whale, dolphin, and dugong, are examples. 

Chambered, divided into chambers, or partitions. 

Chalcedony. See Calcedony. 

Chalk, (Latin, ealxy lime; German, kaliy chalk;) a 
white earthy limestone. 

Charcoal, (Provincial, cA<ir, to bum to a cinder,) a sort 
of coal, made by burning wood under tux^ or by 
some other means excluded firom the air. 
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Chsbt, (Gren&an, quartZy flint,) a minezal, compoeed of 

silexy and nearly allied to calcedony and flint, but 

less simple in texture. 
Chzbo-thebiuii, (Greek, cheiry a hand; and theriony 

wUd beast,) an extinct animal, known only by 

some traces left on the new red sandstone ; so named 

from a certain resemblance to a hand in the print of 

the animal's paw. 
Clinkstone, a rock of the trap formation; so called 

because it is sonorous when struck with a hammer. 

It is composed of felspar, and usually fiuUcy or 

capable of being split into layers. 
Clay. Pure clay is alumina : this earth, howeyer, rarely 

occurs without some admixture of silica. 
Coal Formation, or Coal Measures, terms applied to 

the group or system in which the most valuable 

coal is found. 
CoLEOFTERA, (Greek, koUoSy a sheath; pterony a wing;) 

an order of insects, including beetles; so named on 

account of the sheath a£Porded by their horny 

upper wings. 
Comminuted, (Latin, eomminuoy to break in pieces,) worn 

down into minute particles. 
CoNCHivsRA, (Latin, concAa, a shell; and feroy to bear;) 

an order of molluscous animals bearing biyalve 

shells. 
CoNCBBTioK, (Latin, ecnerescoy to coalesce into one 

mass,) a mass formed by the coalition or union of 

separate particles. 
Conglomerate, (Latin, conghmero, to heap together,) a 

mass composed of rounded water-worn pebbles, or 

fingments of rocks^ cemented together by some 

mineral substance. 
CoNiFBBJE, (Latin, C(mu8y a cone; BXidfirOy to bear;) an 
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or^or of plants whicli bear cones^ in which, the eeeds 
are contained. The fir and pine are instanwft of 
coniferous trees. 

Consolidated, (Latin, the particle couy together; and 
solidOf to cement;) a term nsed when the particles 
of which rocks are composed become so closely 
cemented, as to form a hard and solid mass. 

Crag, a provincial term in Norfolk and Suffolk, far a 
deposit belonging to the Tertiary Period. It is so 
called on account of the rough appearance it 
presents. 

Cbatbb, (Latin, crater, a great cup or bowl,) the circular 
cavity at the summit of a volcano. 

Cbetaceous, (Latin, creta, chalk,) formed o^ or belong- 
ing to chalk. The name given to ah extensive 
series of strata, the latest of the Secondary Period^ 
in which chalk forms the predominant rock. 

Gbinoideans, (Greek, krinon, a lily,) an order of animala. 
belonging to the radiata division; so named on 
account of their resemblance to the form of a lily. 

Caop-ouT, (Saxon, croppa, the upper end of anything,) 
a miner's term, used to express the rising to tiie 
surface of a stratum, or number of strata. 

Crustacea, (Latin, cmsta, any shell, or external coaty 
by which a body is enveloped,) animals having a 
shelly coating or crust, which they cast at certain 
stages of their growth. Lobsters, crabs, and shrimps 
are erustacea, or crtistaceaits animals. 

Cryptogamic, a name applied to a class of plants, such 
as ferns, mosses, seaweeds, and fungi, in which there 
are no conspicuous flowers. 

Crystal. (Greek, krttgtcUlos, ice.) Simple minerals are 
frequently found in regular forms, these being 
fixed, or determinate, for each peculiar species* 
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^Thus, rock crystal, of pure quartz, to which the 
term was originally applied, always assumes a 
rhomboidal form; an^ from its resemblance to 
beautifully tran'st)arei;it ice, was called rock crystal, 
or literally, rock ice. The term crystal, is, however, 
applied to all minerals that assume regular forms, 
whether they be clear or opaque. 

Cbystallized. a mineral which is found in regular 
forms is said to be crystallized. Rock crystal and 
sugar candy are crystallized. 

'Crystalline, consisting or formed of crystals. Regular 
crystals when broken exhibit a crystalline structure. 
A confused assemblage of ill-defined crystals is also 
called crystalline. Statuary marble and loaf-sugar 
are crystalline. 

Culm. See Anthracite. 

Cycadk£, (Greek, kukas^ a palm,) an order of plants, of 
which the modem species have mostly short stems, 
surmounted by a peculiar foliage, called pinnated 
fnmds. These pinnated fronds, or ^^ feathered 
leaves," proceed from the stem in all directions, 
spreading in a circle, and giving the plant a singular 
and striking appearance. 

Delta, (the Greek letter, A delta,) a term applied by 
geologists to alluvial land, formed at the mouth of 
a river. See p. 154. 

Density, a term of comparison, used to express thp 
variation in weight of bodies of similar dimensions; 
the standard being water, at the temperature of 60* 
Fahrenheit. 

Denuded. (Latin, denudoy to lay bare.) When' some 

of the solid materials of the land are carried away 

by the action of water, and the inferior ^ or lower 

• rocks, are thus laid bare, the latter are said ;to be 

denuded. o 
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«ff fioB aneks by^ c iMnto «f imtai^ «r other 



ing.) A genend ooRapondaiM w ofamvid 4o pre- 
vail in tha liaiiih iiiilioii of oganic JnTHgi* iili ailji 
erinciiig that thay an the wmk of ana IG^bty- 
Hand, and that one geaenl phm parvadta dtt 
whela. 2& tha infenor aaiinalfi» howevai^ it fie- 
qiiently happens that onlj the rodimenia^ar fint 
indicatiop, of some parU an mat witk; whflat^ in 
anparior ani^lnal^^ thay are faiongl^ ia parfiactioiL 
Snch partBy in tha lafctar aae^ aie aud io he de- 
-valopad. 

DxTONiAN Stbtem, or Old Red SANDSimn^ ana -of the 
more ancient systems inclndad in the SeooBdaQr 
Period. See p. 47. 

DiKBy Dtke, (Saxon, die; Eess^ djfk^ a wall, arnmhank- 
mant^) a maaei of Igneons xodcy 'whieh haa heen 
ejected into a oxack or fiasiue in another xoak; and 
which often not only fills the fianae, but astends 
beyond it, spoDeaduig like a'waU, on iheaufiMe of 
the ground. 

Hip. When a bed or stratum does not lie hariaonftaUyy 
hot is inclined, it is aaid to d^ towaads aimo point 
of the compass. 

iliHii ig na R4TioN, (Latin, the negative particle du^ fiom; 
and imtegro^ to make whole,) the act^of cnunbling 
to pieces. 

Ihofo-THBRiUM, (Greek, dinnoff, formidable; andlto'ium, 
wild beast,) an extinct mammifer. See p. 113. 

Dmuoaaumy (Latin, the negative particle dia^ &om; 
and loom^ idaoe,) a term used in geology toiaxpress 
the displaeeniMit of a^rinitnm^^or «aiiaa «f««trata, 



'■'• ' '^ irikentdMiiijwdj^ov.tiirowii ant of itheiorigfiiiilpdS- 
tion «£tor hemg eoiiBoiidated.; oppareMy Ic^.some 
.earthquake or Tiolent oonvulsion. 

DrnxsoTEy one of the varieties of the trap-^ooioB^ totA- 
poBod of Bugite and felspac 

Dolomite, (named from the fVeneh geoilogiflt^ Dolo- 
mienj a crystaUine Ihnratoneycontainiiig magnesia. 

DouKMEaoc. From the ahove. 

SiTNBS, (Eise,dimef a hill,) low hills of hlown sand, 
which ha^e accumulated on the £at shores of Great 
-Britain, France, &c. 

Dtke. See Dike. 

Eabth. The hodies called earths :are composed of oxy- 
gen and a metallic hase. The principal earths are 
silica or flint, lime, alumina or day, magnesia, 
harytes, glueing Btrontia, yttria, and zirconia. 

Eabth's Crust, such parts of the earth as are accessible 
io man's observation. 

Eakxht, composed of minute parts, resembling dried 
earth. 

SusKjnuy'MASKmwdy the xixcuiation of electrical cur- 
rents. 

JBlembntabt Substances, substances which are supposed 
to be perfectly unmixed; no chemical analysis 
having yet been able to detect that they possess a 
compound nature. 

JEhxhochi, (Greek, tratAoSy a wheel,) divisions of the 
stems, or columns of encrinites; commonly called 
wheeI-«tones. 

JgocaDiB, ( Greek, ^Qff, dawn; and icdnoSy recent,) a g^up 
*or period, belonging to the Tertiary strata. 

EiTUAnT, (Latin, €B8tu0y to rise and fall reciprocally,) on 
inlet, DormiTig the jnouth.of a rivei^ in wliidi the 
tide iues«and «£iilk jscipiocally. 
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Extinct. Organic beings, whicli no longer exfgt as 
species on the earth, are called extinct, 

Exuyi.£. (Latin, exuvice^ cast skins; cast shells; what- 
ever is cast or shed by animals.) This term n 
applied generally to all animal remains left in the 
strata of the earth. 

Fault. This term is applied in geology to the sudden 
interruption of a stratum, or series of strata, by the 
sinking of one portion, or the upheaving of the 
other. Faults are usually accompanied by a crack, 
or fissure, varying in width from a mere line to 
several feet, which is generally filled with clay, 
fragments of rock, &c. 

Felspar, a simple mineral, which, next to quartz, con- 
stitutes the principal mineral of rocks. Felspar 
always contains some alkali in its composition, and 
is, therefore, liable to be acted on by moisture. 

Ferruginous. (Latin, fertrngineus^ rusty.) Of the 
colour of rusty iron ; or impregnated with iron. 

Fissile. (Latin, ^*w7t>, that may be cleft, or split.) A 
rock is called fissile, when the grain is so arranged 
that it may be cleft, or split into thin layers. 

Fissure, (Latin, y?**Mra, a cleft, a narrow chasm,) cracks 
or chasms occasionally found in rocks, frecjucnfly 
caused by earthquakes. 

Flagstone, the name given to rocks which occur in 
smooth flags, or thin plates ; and which are oft«i 
used for flag pavements. 

Flint, the earth of which silicium forms the base. Silica. 

Fluate of Lime, or Fluor Spa, the mineral commonly 

\ \ known as Derbyshire spa. It is composed 6f c^al- 
cium, oxygen and fluorine. 

Foliate, (Latin, folium^ a leaf,) composed 6f thin 
smooth laminae or leaves, Ifud over eabh'bthef;^^ 



FoiucATiON. This tenn is applied in geology to grou^^s 
of rocks formed or accumulated at the same period. 

Fossils, (Latin, yb^^Yi^, that which is dug out of the 
earth,) the remains of animals and plants dug out 
of the earth. The term was formerly applied to 
all minerals, hut is now confined to organic remains. 

PofisiLiFEROus, containing organic remains. , 

Freestone, a kind of rock, so constituted that it may 
be wrought or hewn freely in any direction. It is 
consequently very applicable for building purposes. 

Fresh-water Formation. Any bed or stratum, con« 
taining organic remams, the productions or inhabit- 
ants of land, of rivers, or of lakes, and not of the 
ocean, is called a fresh- water formation. 

Fucus, (pi. fuci^ a kind of sea- weed. The bladder- wort, 
so common on our shores, forms a well-known 
example of a modem fucus. 

Gault, or GrORLT, a provincial name for a series of 
beds of clay and marl, included in the cretaceous 
group. 

Genus, (Latin, genus — ^pl. genera — a kind, or family,) 
a term used for a subdivision in natural liistory ; 
often comprehending various species. 

Geology, (Greek, yea, the earth; and logos, a discourse,) 
a description of the structure of the earth. 

Glance Coal, (Grerman, glanzy lustre,) anthracite; so 
called from the shining appearance it presents. 

Gneiss, a primary stratified rock, composed of nearly 
r the same materials as granite, but having a lami- 
nated structure. 

GJULLMy {l&tioy grcUlcBy stilts,) an order of birds, having 
long legs, and adapted by their construction for 
inhabiting swamps and marshy places. 

Granite, (Latin, granumy a grain,) an igneous or unstra- 



1^ Qto^:»aeti 

"^'"iifii^A'Toek. Th«f name is Asffr^ 'iaat H»* 

'' ' gmiralar sfcnretiitc. For s cfoscrfptiin of tllirtocky 

^te^p. 20. 

€KtkFttiTJ£^ (jGteelCy ptaphoy to writ^) Uanl^-lMd, or 

"' ' pltmrbago ; flo named from fts nsefnl spplmtioii for 

'writii)^ or dra^f^ing'. 

GttAtnirACKE, or G-RETVf acke^ ft' species of vtN^ ocuuiiu^ 

' Itt tbe older stratified f:>rmatioa8. 

GiteBKBAHO. Beds of sand, sandstone, and Hmestone, 

'- ' indtided in the cretaceous grotip; and so nftmed 

' because they frequently, though hy no neaoB ja»- 

variably, contain an abundance of green eartii* 

Gbbenstonb, a variety of trap-rock, composecl ai felspar 

and hornblende. 
Grstwacke. See Grrauwaicke. 
Grit, coarse-grained sandstone. 

Gtfsttm, a mineral composed of lime and sulpinnieacid^ 

and hence called sulphate of lime. Alabaster is a 

variety of gypsum. Plaster of Paris and stnooo 

are obtained by exposing gypsum to a strong heat. 

HtasrvoRous, (Latin, Aer§a, a herb; and ver^y to IM 

on, to devour,) feeding on herbaceous plantK 
HotUTBLENDE, a simple mineral, of a dark-green op black 
colour, which enters largdy into the oampositiaA 
' of several varieties of the trap-rocks; 
BMim. (Latin, humuSy ground, earth.) Httmus v the 
'result of the slow decompositios, or deea^, of or- 
ganic nutter in the earth ; and varies in ita qwlitiell 
- ' ' ^aad composition, aceovding to the subsfamces from 
' ' ivhich it has been formed, and the eiioumirtances 
attending their decay. Hunnis is-tho pfONhiet «£ 
""/'' orgasiie' matter, and sdso the souree frna w^mmso ii 
''' derives Its supplves of nourii^ment; fel* wifiiout 
^' ' 'humntf' nothtBg' organic con esi&t. ' Thid* subfttaBse 



. - klexiww ia jmifosikin mmea^ Mwmalp> .aawErplants 
Ihnitiiw afft> tba Mdih«. We ou^r^ theixTfinra^. con- 
clude Hittlb thfl eavth in tiie early geological emai 
wagrqwBfttratjvaly dafidani in Ishis. importani-mai- 
tesail^ wkkb gBadnally aoeumulaied through the 
untold ages which elapsed antecedent to tliA Biecent 
!Vtaiod: thi» fnpemg^ the earth. &r man'a ztoeij^ 
Ubir, and- rendering it monr and mora adi^ted ta 
aaurii^ organic beings^ until at kngth, by the 
abundance o£ iuuniUy it became fitted &r tfafi sus- 
tenance of the present inhabitants of ita aaifiwa 
!i&mu» is found in Hie greatest abundance in. rick 
gamien mould. 

Htlao-saubus, (Greek, tUe^ a wood; and MWfitf, a 
liBard,) a gigantic extinct saurian. See p* Q2«, 

IcHTHYO-DORU-LiTEy (Greek, icMhus^ a fish; doro9^ a 
MQbw bag; and JMos, m stone,) teeth of «ft extiaci 
fish; so.named from theirpecoliar Sghsbi.. 

SsoBRBvoHuuKus, (Grock, vMtm^ a fish; and fnorteff, a 
lizard,) a gigantic fossil reptile. See p..7l.. 

ImiEOOB HeexB. (Latin, ^$nM«» fireu) All rocdos knovia, 
or considered to hanre been fisned, or mfilted, by vol- 
canic or other intense heat, in the intarior o£ tiiip 
«Br&. Siieh ase giseueute, toaipHeoeks^ and lava* 

Iguak-odon, (^ttono^ the naniA of a. nwdfini. animal of 
ij^ Uaaird triibe; and Greek, odom^-^wxnimimd 
tfdbnam otooth»)aneaBlaact.ri^tUeof gigwiti»aize> 
S6epb82. 

Ismwrnom^ (Lailuiyan^to; 8od<2iieo»toilead») thapspsMS 
«f lead^ tOy « coEeetii^ genaral tndilM^ fimn the 
' cxaminatlatt o^ partJcplar fects. 

iKVjQSOBiA, (Latin, tn/iwto, aain£ii«ian,) nwiMte anijuals 
. iMndim na9tia»Ei»iiHia^ whence the nacae; tbough 
itjie te]*m is applied to aU similar animf^^ule 
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-tiligtirtrfauid In liifaiiiwwji imtagaan^ wrtq^-te, 

«r 1& ft feiiil tftate in ihs andeiit cftBrta <iC ibft earUi. 

KiouK, the Chinese name lor peiffBlafai caidu 

Lacdstbihe. (Latin, laeug, a lake.) FnmwrtioM irludi 

Ihivg accnwmliiteil in ancient Jakes are called. lacH' 



liiAtirj^ (Latin, /oMtiui, a plate,) a teim naed toeaipmB 
' . the tiiin layers, or platei^ into irhich some apedes 

of rocks are capable of being divided: thej aie 

then sidd to hare a laminated sUucUue. 
•Lamhtatbd. See Iiamina^. 
Landslip, a portion of land that has slid down in eon- 

seqnence of an earthquake, or from being Qnte- 

miaed by water. 
Lafuxi, (Latin, lapiUtu, a little stone,) amaU Tolcanic 

cindov* 
Lata, the stone ejected in a melted state from, a Tolcano. 
JjBOcm, (Greek, leueuSy white,) a nmple miwiial, 

found in volcanic rocks^ ciystaUiased, and of a wilile 

edoar* 
Lias, a provincial name which has been genenQy adopted 

for a blneiah clayey limestone* 
haOBUXfhMf dragon-flies. 
LioinTS, (Latin, li^um, wood,) wood converted Into an 

impetfect kind of coaL 
LfmoQBAFHic Slate, (Greek, Uthoty a stone; andpra^pl^ 

to write,) a slaty compact limestone, used in litho- 
graphy. 
-Lmfoix>oicAL, (Greek, Kthogy a stone; and 4^, a 

^toonne,) a term used to eiqiresB the stony, or 

mineral stmcture of a mass or atnitnm. 
tioAlf , a mi x ture of sand and clay. y. 

LoDB, (Saxon, kedan, to lead,) the leading vein, in a 
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lAfBWi'4aMj^(Qvteky iopkity crest ; 9tid iMkm^H¥ffimBiiye 
~ odontih-'^ooihy) a& extinot quadrupeds ,aoT9aiued 

from eminences col the tooth. : • ^ ,{ 

LiKB, <in(Htenth of an inch. . . . . i 

Macravchsnia, (Greek, maJbroSy long; «ad. .#icAefi, 

neck,) an extinct animal, resembling the. llM^a* 
Madkeforb, a genus of corak. The teim is, ho^pey^, 

generally applied to all corals ydik star^shaped 

cayities. 
Magnesia, one of the earths. 
Maonesian Limestone, an extenttTO group belongteg.to 

the Secondary Period. « ^ 

Mammaxxa, aniTnalu which give suck to their young. 

To this class belong all the warm-blooded qiiadru- 

peds, and the cetacea. .^ 

Mammifebs, Mammifebous Animals, animals belonging 

to the class TnAnninAliiL. 

Mammoth, an extinct species of elephant. See p, 18^. 

Mabine Pboduotions, animals and plants inhaMting the 
ocean. Marine deposits are such as ace deposited 
by the sea. 

Mabl. (Welsh, nutrl; Latin, marffOy marl. In Saxon, 
mer^ is marrow, which is supposed to be an aUueire 
signification; marl being considered the £itaMW!of 
the earth.). Marl is a fat mixture of clay and lime : 
it is usually soft; but when foimd hardened intot a 
rock, it is called indurated marl. 

Mabsupial Animals, (Latin, marsupiuniy a piirse or 
bag,) a tribe of quadrupeds, having a sack or- p^wfi^ 
in which they carry their youngs The kanfsroo is 
a well-known example. 

Mastodon, a genus of extinct quadrupeds. aUi^c^ i^t\^^ 
ekp^amt* See p. 182. . u. f 

Mboalo-chelts, (€breek| meffos — meffale-'^^tmik; and 



torioiM. 
Meoaitonyx, (Greek, «y« w qgw ^tf gwwi j; aDd«fittir, 

a elawy) a fbesil gigantic doA. 
lilDAiiHyiinun, (Greeks img wi m^njiw gwn i ; ; and 

aiiirwy a liaacd,) aftsBMi gigaaiio «mphihiftH8i lep- 

tUa. Seep.7&. 
MkM^-VBSBivify (Gciaeky i wyw; giMt; wd fiSarta% wild 

beast^) a fossil mammiferona quadruped^ meanbliog 

a doth. See p. 114. 
IbRUfOSFRic. (Gveeky nuimm orp iujhO^ ioi tranafomu) 

RoekB originally formed bydeponta inwater^and 

flnbsaqvanily altered^ or mrtamffiyhoaad by Yokaiai 

Qg^itiaer ^loeoiiaaetionyara called metamorphic ixicka. 
M1CA9 (Latin, nUcOy to shine,) a aimple nuneral^ havii^ 

a ahlnia^ ailvery appearance; and ci^ble of haag 

aplit into very thin laminff. The brilliaai pacticles 

In granite are mica, 
Mi€A Slats, slate containing modi nufiay wSaud wiA 

qnavtz* 
Mineralized, converted into a mineral fiubftaiieeb 
Mioanrs, (Greek, meion^ minor ; and iainoff vacent^y tka 

second division of the Tertiary Period* 
HffiUiBMA, Molluscous AvmALS^ (Latin, mtdMsy aofi^) 

animab devoid of a bony akebton, and with soft 

bodies. See p. 4Si 
Moso-flAUBus, (Latin, JfoM^ the river Mensa ;, and Gcedc, 

tamrut^ a luard,) an eastittct reptile; so naaoied b»> 

csnge the leiBaina were first found near MsHftrichf^ 

ooiifaa rirer Meuse* 
^RA^MSAur.LufssTONE, a seriaa of stete. ytbmk. ia^aome 

ports alteniate with the coal meaauaw. 
MuRU9B OF Soda, common aOt ; ao called, hmmm it '»• 

composed of mnriaii. aeid aadt soda^ 
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lime,) a lixnestone beloogmg ii»>tiie now^aeed-iand- 

Hxvr BxD SAimsTiniByyABii»ifEKD SAjnsioirBy ovPdiki- 
sizR^ an exteBoAvQ senes (^ rooks bcioi^fiii^ to tlxo 
Seeondary BeriodL The piedomma&t eolovy tf the 
alamfo is brick red, bat some pordoos aiie met with 
of a greenicb or gray tint. These nsaally ooeur Hi 
spots and stripes^ giving a vmieffated appeatnnoe to 
the rocks. 

NovmuES, (Latin, fwdus, a knot,) a rounded little nuBS 
or lump of rock, more or less regular in its finrm. 

NuanEus, (Latin, iwoiMv, a kernel,) any solid substance^ 
round which other matter accumulates on erery side. 

NuMTJUTK, (Latin, mmumiSy a piece of money; $ai. 
Greek, lithes, a stone,) an extinct genus of moAlus* 
cous animals, of remarkably flat shape, resembling a 
coin. The shell is internally divided into ehambcra 
or compartments. 

Obsidian, a volcanic product. 

Old Rbd Sandstohx. See Devonian. 

OtaytsiBy an olive-coloured simple mineml, found in 
basalt and lava. 

Omiovorous, (Latin, omnis, all; and voro, to devour.) 
Eating all things, animal oryegetable: not parti- 
cular in the choice of food. 

OosTTB, (Greek, o-ofi, an egg; and IMaSy a stone,) a 
peculiar sort of limestone; so named because it is 
composed of rounded particles, like the roe of a 
fish. The name oolite or ocditie, has been adopted 
for a large group of strata bekmging to the Second 
dary Period. 

Qf^Mty a dmple mineral, presenting a tsliangeable Sf^eBT^' 
aace not unlike mothOT-of-peasl. 
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jQs^ltklllC^BMUiiirfty (Gxeekyor^Nim^, an inst]ni]»enij)'ikle 
(nuireiQftivfl of AninuftUi a&d.plante; ^ey«r@ 00 r called 
because they ait of wrpanic ttrtuihir^^; thai \»^ con- 
sial^of various parts or instruments^ co-operating 
V ^1|h ea«k other, admirably adapted for th/e offices 
T/ > Ihey ar^ destined to fulfil; and evidently the work 
' - aih most wise, poweifiily and beneficent Being. 
OBHrrH-icHNiTEs, (Greek, ahnis^ a bird — wmitkogy of a 
-k 1 bi^ ; and tehMs^ a track,) a name applied to the 
'' 'iEiMsil impressions of birds' feet. 
Obtbo^cbratrbs, (Greek, orihoe^ straight; and keras^ a 
. .. 'hioni,) an eoctinct genus of moUuseous animals, 
whieh inhabited a long chambered conical shell, 
^ leaembling a straight hom. 
iO^H^us, (Latin, esseusy bony,) formed of bones. 
/OssBOUs Bebcc^a, a cemented mass of fragments of 

OujJ CaQii^. See Crop Out. 

Oxide, the combination of a metal with oxygen. Rust 
is oxide of iron. 

OxTGKK, a constituent part of atmospheric or common 
air, essential to animal existence. It enters readily 
into combination with a great variety of substances, 
oce p»7. 

•Paciiy-dermata, (Greek, pachw, thick; and derma^ 
sltin,) an order of quadrupeds, including the ele- 
phant, hoi-se, &:c. ; distinguished by liaving thick 
skins. 

PaiuB-onto-looy, (Greek, /7a/ato9, ancient; on^a, beings; 
and logos y discourse,) the science which treats of 
fossil remains, both animal and vegetable. 

Pal.co-sauri;s, (Greek palaioSy ancient ; and sauruSy a 
lizard,) an extinct reptile ; one of the most ancient 
of the saurian, tribe. 



^ • cie&t; 'and therium^ wild beast^) An: eictintft >lnam- 
' aii&rdnsqtaDadniped* See p. 105. -^ *>' 

'^Ekf^'oonfiolidated vegetable matter. See )^M^J<^ 

PBJhrA^mNnE, (Greek, j96nf a, five ; and M»ony'9iAily;) 
a isrinoldean, so named from the pentagonal; 6i stasu 
ahaped form of the plates, (eomm<mly eafied hones,) 
<rf the stem or column. ■ • ■ ' ^-^ 

Permeatb, (Latin, permeo, to pass throngh,) ■ Wfkter is 
said to permeate a rock when it passes thh)ugh 
the minute interstices occurring between this pai^- 
tides of which it is composed. Sandfitoiib and 
limestone rooks are permeable; clay is impermeable; 
as are also igneous and metamorphic xodks ]g|«airally. 

pBTRiFAcmo^S) PBViapY, (Latin, petra, a ai(Mje ; Jh^ 4o 
make ;) substances converted into stone ; to cawfktt 
into stone. These terms are nearly explodsed, having 
given place to those of fuHl^ and fbedthnty or 

■ ' ndneraUze* 

Phonolite, (Greek, jpA<mo«, sound ; and /if ^(w^ a stone ;) 

" another name for clinkstone, and so called betanse 
' ' it is sonorous when struck with a hammer. 

PHYSICAL Geography, (Greek, phusiSy nature ; ^wa, the 
earth ; and graphoy to write ;) a desciiption H)f the 
natural productions of the earth. 

PlTCHSTONE, one of the trap-rocks ; so called from its 
resemblance to indurated pitch. 

Plastic Clay, ( Greek, jpte^o, to form or mould,) the 
lowest bed of the Eocene Period, so called beeaiise 

' ' it is used in making pottery. 

'pLESio-sAtJRus, (Greek, plesiosy near to ; and sOurus, a 
* • • ^H^ard^) an extinct reptile. See p. 72. - ') 

■^PLtbcENEj (Greek, j»fo»d«, greater ; and kaifMf^ recent ;) 
the latest division of the Tertiary Period*- - -> 






awpftopd to hare been ooiiHlidited firom aiaeed «r 
isclted etetc^ ttt a cMflfc dnith. bdo w iliB ^nzfMK* 

P«HESftQCic^ (Gnok, poiUbt, variflgaied») a JUBne^Ten 
io the new led mnMtmet grooq^ which aee. 

Pi«nancBT» (Greek, porpimn^ pu^k^ led,) «a jgneont 
xajk. The tcnn wie fiisfe gsren to a led zoek, with 
smatt white, angnhir poeoes «£ OTBtallized ielspor 
•osttflnid throu^ iL 

£eTiH»BH,a metal which fooDS the haee of jHitaenn or 
potash. 

JE^tBURT Fbodi^ an eeateiisive aeries of heds» oompre- 
liendiiig the most ancient atmtified zodc^ .and 
distmgniahed bjthe afaaenoe of foasilSy and a highly 
indnnted teztoie. 

PBODUGrA, an extinct gemis of biTalve shells, found only 
in the older secondary rocks. 

PxsBO-nACTTUs, (Greek, /^jCflfiofi, a wing ; and daltuloSy a 
fuDger ;) an extinct aninud of the saurian tribe, bat 
famished with wififfs^ resembling those of bats, 
attached to the^^ai^erff of the fore-leg, or arm. 

PunmirfihfliONS. See Conglomerate. 

Pumice, a light lava, with a texture resembling q^nge. 
It may be considered as obsidian in a frothy .state, 
and appears to be produced by theidolent ebullition, 
or boiling up, caused by water confined in or havii^g 
access to obsidian whilst in a state of fusion. 

Pybttbs^ (Greek, pur^ fire,) iron pyrites ( wliich mineral 

is usually intended when we meet with the .tenn 

pyrites) consists of a compound of sulphur and imm 

..Xron pyrites frequently occurs in .nodules, or masses 

of various sizes and fimn^ pseaeniing ezteioally a 



iBt^nally a shimng uppeaoGance and 'Ift^jtMifllized 

•' strtrci/tire. These nodules are comsMmly^jEOlleA 

'iiItimd«y>sioiies. Tbe nattie 'pyrites is said Mohave 

Deen given because, under psrti<mkr<eimidiB«ances, 

>' this mineral produees spootaneooB lieat> aiaA'&fek 

ignition, or.£re. 

Qi»Lmtu]£jLNA., ( Laiin, quaA^Wy fbrnHsquare ; and mtmrni^ 
A hand ;) the order of mammiferous aninmis, to 
which the monkey tribe belong. This name has 
been giy^i because, in the animalfl irhich oompose 
ISris order, i&e cfxttemities "both of the load and 
fore leg have the character of hands* 

QitJABTz, a Grerman proyincial term, uniyexsally adopted 
in 8denti«tc language fer^ simple mineral, composad 
cfpuresilex. 

^AaneiTA, (Latin, radius^ a ray,) one of the principal 
divisions of the animal kingdom. See p. 42. 

JRsramsBKTATiyB, a modem Tepiesentative of an extinct 
species is one that stands in its place in the organic 
'World, Thus crocodiles, monitors, iguanas, and 
lizards, are the modem representatives of the 
gigantic saurians, which, during a considezable 
portion of the Secondary Period, were in such great 
abundance. The modem species are small, cam- 
pared with those of the ancient world, but they 
possess many characteristics in common with them. 

BocKH3i.z.T, common culinary salt, or muriate of -soda ; 
it is found in vast masses, or beds, especially in the 
new red sandstone formatuin. It used ibrmerly to 
i)e called fossil salt* 

fiknmmA, (Latin, n»2b, to gnaw,) animals, auchtas the 
iEa9>bit^ dormouse, &c., which juibsist hy gnawing 

• ' toots, and other substances. 
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BumvAKTiA, (Latin, rumino, to chew the end,) aninialg, 
such as the ox, deer, &c.^ which ruminate, or chew 
the cud. 

SANDtTONE, any stone that is composed of an agglutiiiar 
tion of grains of sand. 

Saubian, {Greek, sauruSy a lizard,) any animal belong- 
ing to the lizard or crocodile tribes. 

Schist, (Greek, ichistosy capable of being split,) a kin! 
of rock much resembling slate in appearance, but 
differing from it in structure, for slate may be split 
into an indefinite number of parallel lamime, or 
plates, but in schist these laminie, or layers, are 
uneven. Mica schist and gneiss haye a achiOote 
structure. 

ScoRiiE, (Latin, seoriay refuse, cinders,) yolcanic cinders. 

Seaks, thin layers of any mineral substance separating 
two strata of greater magnitude. The term is 
apparently borrowed from sea-&ring language, the 
junctures of the planks of a ship being called seams, 
which, when filled with pitch, bear considerable 
resemblance to seams of coal, to which the term is 
more especially applied. 

Secondart Period, a vast series of the stratified rocks, 
which compose the crust of the earth, distinguished 
from the Primary Period by containing organic 
remains, and from the Tertiary Period by contain- 
ing none that belong to recent species. 

Seusnite, a simple mmeral ; ciystallized gypsnin. 

Sbptaria, (Latin, septum^ an enclosure,) flattened balls, 
or nodules of stone, generally a kind of ironstone, 
which, on being split, are found to be partially 
hollow, and separated in their interior into irregular 
masses. Fossils are sometimes found enclosed in 
the interior. 
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Serpentine, a rock of a green colonr and containing^ 
much magnesian earth. It is usually classed among 
igneous rocks, though it is said sometimes to present 
the appearance of heing a metamoi'phic or altered 
stratified rock. It frequently displays clianging 
colours like the skin of a serpent, whence its 
name. 

Shale, (German, sdkalen, to peel, to split,) an indurated^ 
slated clay or sandstone, so named from its capa- 
bility of being split into excessively thin layers. 

SiLEX, (Latin, silex, flint,) one of the pure earths* 

Silica, the same as silex. 

Siliceous, (Latin, silea, flint,) of or belonging to silex 
or flint. A siliceous rock is one chiefly composed 
of silex. 

Silt, sand, clay, and other matter, transported by run- 
ning water. It is often accumulated in banks or 
heaps by the action of currents, and thus the 
mouths of rivers sometimes become silted up, and 
the entrance into the sea impeded, so that the 
river's course is changed. 

Silurian, (Latin, Silures, a people formerly inhabiting 
South Wales,) the name of an extensive series of 
strata, included in the transition or older Secondary 
Period. 

Simple Minerals, unmingled mineral substances. They 
are called simple to distinguish them from com- 
pound minerals, which consist of two or more 
simple minerals more or less closely united together : 
thus, felspar, quartz, and mica, are simple minerals ; 
but the granite which is composed of these three 
minerals is compound. 

Slate, (from, slity to cut lengthways,) a rock capable of 
being cleaved or split lengthways into an indefinite 
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number of t&in lamiiis, or plates^ paraOel to each 
otiier. 

Somvif, a metal, the base of soda. 

Spbcibb, (Latin, specieSy sort, kind,) a term used to 
eaqpress a kind or sort of animaT, T^eta[ble, or 
mineral, distinguished from aO others by cerbun 
peculiarities. 

Spheroid. (Latin, sphceroy a globe.) Those bodies are 
termed spheroids whose form approaches that of a 
sphere. 

Stalactites, (Greek, stalazOy to drop,) depoats formed 
by water holding lime in solution, and suspended 
fixim the roof of a cavern. See p. 125. 

Stalagmite. (Greek, stalagfnasy a drop.) liVlien water 
holding lime in solution hangs from the roof of a 
cayem, drops of this water &I1 to the ground, and 
the water eyaporating leaves a deposit or crust, 
this is called stalagmite, on account of its having 
been foimed by the drops which have MLen. 
See p. 125. 

Stratified. (Latin, struOy to strew.) Rocks formed by 
successive deposits, which have apparently been 
strewed in layers, usually by the agency of water, 
are said to be stratified. 

Stratum, plural Strata, (Latin, struoy to strew,) a bed 
or mass of matter strewed or deposited over a 
certain extent of surface, usually by the action of 
water, and often consolidated into rock of greater 
or less hardness. Lowestoff Ness may afford an 
example of the formation of a stratum. See p. 174. 

Stone Coal. See Anthracite. 

Sub-Appennines, low hills which skirt the foot of the 
great chain of the Appennines, in Italy. 

SuBLiMATioir, a chemical operation, which raises bodies 
by the action of heat* 
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Smcdi^ (Lttf^B^ mceimm, woh&ty) % Uarax aometuots 
applied to tlie transpaieiit yarieties of amber. 

SvFBSb'SNfsmiBBSXT, (Latm, silver, upon ; a&d mcumlfOy to 
rert ;) snper-XBeumbent rocks are such asajpe situated 
aJbore or rest upon lower strata. 

IjUisn^ (a term bonowed ftom the language of fi)rtifi- 
cation; sozno walls are built flat wiihioy but with 
a gndnal sk^ outwards^ to gire them grea^ 
stiei^l^thb sloping^ maaaojy is called a ^R^) In 
geology this teem is affiled to the sloping heap 
nhkh often aoeumulates at the foot of a steep cliffy 
or rock; and which is formed by the slow but 
e^itinual crumbling away of smaR particles from 
the &ce of the rock by the action, of the weather. 

Tebtiaby Period, an extensive series of rocks, dis- 
tinguished from the more ancient periods by con- 
taining some tpecies of recent or existing animals. 

Tesxacea, (Latin, testa^ a shell-fish,) molluscous animals^ 
having a shelly covering; 

Thtlaco-thebium, (Greek, thukikoSy a pouch; and 
t&mon^ a wild beast;) an animal resembling t^e 
modem opossum. 

Trachyte, (Greek, trachus, rough,) a variety of trap 
xock, sometimes much resemblmg porphyry in its 
structure ; it has a peculiar rough feel^ whence the 
name. 

TsABSiTioN, a term aj^lied to an extensive series of 
locks, properly classed amopg the Secondary Strata^ 
because they contain oiganie remains; from tho 
xesemblance, howev^^ of their structure to the 
locks of the Primary Period, they appear to hold 
a sort of intermediate position, and to form a 
pttssago or tramiHon fxom. the one class of rocks to. 
the other, whence their nam«. 

P2 
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Trap, (Swedish, &t^ppay a flight of staiia,) igneous loeksy 
which f4>pear to hare corded aid become eonaoli- 
dated under the pTessnre of deep wster ; ibey aie 
composed of felspar, angite, and homl^ende; the 
▼arieties of trap-rocks arise from the di^ferenft pro> 
portions of these simple minerals, and the ictaiiner 
of their aggregation, or being tmited together* 

TvTA, TtiTF. (Italian, fM^bre, to immerse nnder water.) 
Cak^tff^ or eakarecms tufa, is a porous ro<^ fmrmed 
by deposits from springs holding lime in section, 
commonly called petrifying springs* Vblamie tufa 
or twf is a porons rock, of an earthy textmc, com- 
posed of scoric, and other loose matter, ejected from 
a volcano, and cemented together by means of 
water. 

UirsTRATiFiSD. Unstratified rocks, or igneous rocks, are 
such as appear to have been formed by the fusM»i 
of the mass of which they are composed, and not 
(like the stratified rocks) to hare been deposited in 
layen. 

Upheate, a term applied in geology to the raising of 
any stratum, or group of strata, from the position 
originally occupied. 

Veins, Mineral, cracks or fissures in rocks, usually 
filled with substances di£Fering firom the rocks in 
which they occur. They have regular walls' or sides, 
and sometimes a layer of clay between the wall and 
the vein. Mineral veins, properly so called, are those 
filled with sparry or crystallized substances, and 
containing the metallic ores. They are rarely filled 
with ore in every part; in this respect differing 
fr^m dykes, and most other similar formations, in 
which the whole is generally a imiform mass. 

Yertebrata, Yertbbratsd Animals, (Latin, vertdra^ 
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any turning pointy) a principal division of the 
animal kingdom, comprising all animals furnished 
with a back bone. — See p. 41. This division is so 
named from the joints of the back bone, which are 
called vertd>roB^ on account of their peculiar con- 
struction, which enables the animal to turn in eveiy 
direction. 

YoLCijric Rocks, YoLCAinc Formations, lava, cinders, 
&c. ejected from volcanoes. 

Wealden, (Saxon, tpaldey wood,) a group of freshwater 
strata belonging to the Secondary Period. 

Zeolite, (Greek, seoy to boil,) a simple mineral, usually 
found in the trap-rocks. There are several varieties, 
some of which swell or boil up when exposed to 
the blow-pipe, whence the name. 

ZooFHYTB, (Greek, zo-on^ an animal ; and phyton, a 
plant ;) animals belonging to the Radiata division^ 
so named because, though in their external structure 
they resemble plants, they are living animals* 



215 



INDEX. 



Tb$ Futffs are dUHnffuished by the letter f . 



P&ELIMIKABT BlSCOirBSZ 

on the Nature and Advan- 
tages of Geologjy xi 
Nature of Geology, xi 
Form of the Earth, xxiii 
Heat of the Globe, xxv 
Creneral Arrangement 

Strata, xxix 
Oeological Nomenclature^ 

XXXV 

The Utility of Geology> xxxix 



of 



Acorns found in peat, 149 

Acrodus, f. 71 

Actino-criiiites^ f. 44 

Actinolite, 35 

Adapis, f. 106 

Agricultural portion of Great 
Britain, 56 

Aix, organic remains at, 111 

Alder, f. 147 

AlgsB, f. 46 

Allesley, organic remains at, 
62 

Alluvium described, 166 

Alps, 117 

Alum Bay, 95, 107 

Alumina, or clay, 10 

Alzey, organic remains at, 
110, 113 

Amber, 126 

America, North, oi^ganic re- 
mains in, 114 



America, South, Ofganio re« 
mains in, 114 

Ammonite, f. 59, 70, 74, 65 

Amygdaloid, 22 

Anegada, Island of, remark- 
able formation in, 63 

Animal kingdom, divisions of, 
41 

Anoplotherium, £ 105, 1 12, 1 16 

Antelope, f. 116 

Anthracite or Culm, 13, S8 

Anthracotherium, 106, 112 

Ants in Amber, 127 

Apio-erinites, f. 44 

Area, f . 85 

Arran, Isle of, 60 

Articulata, term explained, 42 

Asbestus, 35 

AsterifiB, or Star-fish, f. 85 

AsterisB, or Starnstones, f. 69, 99 

Augite, 23 

Australia, oiganic remains ioy 
136 

Auveigne, Mountains of, 107 

Baculite, f. 86 

Bagshot Sand, 97 

Barbadoes, Lisbon earthquake 
felt at, 179 

Barnstaple Bay, raised beoch 
at, 176 

Basalt, 22 

Basaltic columns at Regla^ 22 

Basin of HanipBhire, 94 



216 



INDBX. 




of London, 94 
of PariB,98 
Basin-shaped arrangement of 

the strata, utility of, 56 
Bat, f. 104 
Bath, 73, 76 
Bay, f. 126 
Beaches, raised, 176 
— - shingle, 174 
Bear,f. 113,116, 124 
Beaver, f. 113; recent, 147 
BeeUes, f. 74 

Behut, buried town near, 153 
Belemnites, f. ?0, 74, 66 
Ben Cruachan, 36 
Ben Nevis, 36 
Bergmehl, 156 
Berkshire, 73, 96 
Bexhill, 80 
Bigbone Lick, 133 
Birch, 149 

Birds, f. 65, 82, 104, 112 
Birminghain Roil Koad, 99, 

103 
Bison, f. 130 

Blown Sand, hills of, 164 
Bognor Beds, 96, 99 
Bogs, peat, 147 
Bonn, volcanic district neai*, 

137 
Boulders described, 120 

•^ dispersion of, 122 

BoveyCoal, 99 

Bradford, 74 

Brentford, 129 

Briarean Pentacrinite, f. 68 

Brightoo, elephant bed near, 

130 
' fossils found in chalk at, 

86 
Bristol, 60 

Brongniart, Ad., cited, 53, 89 
Brown CoaL Sea Lignite j 



Buckthorn, f. 109 

Bufonites, f. 75 

BuUa, f. 101 

Burrstone, 78 

Csesar, Julius, beach on which 
he landed, 174 

Caistor, 171 " 

Calabria, 153 

Calamite, f. 53, 62 

Calcareous Spar, 9 

Cambiian Group, 38 

Camden Town, 103 

Camel, f. 116 

Caradoc Sandstones, 39 

Carbon, 13 

Carbonate of Lime. See lime* 
stone 

Carbonic Acid, 13 

Carboniferous System, 49 

Carcase of Mammoth dis- 
covered, 134 

Cardamom, f. 98 

Cardiganshire, 39 

Cardita Ajar, f. 110 

Cardium,f. 85, 101 

Cardona, salt mines at, 12 '. 

Cat, f. 113, 116 

Cave of San Ciro, 123 

Caves or Caverns, 123 

organic remains of e& 

tinct animals in, 123, 124 
human remains in 145 



Central France, volcanic rocks 

of, 107 
Cerithium, f. 101 
Cetacea, f. 76, 87, 112 
Chalk, 83 
Changes in progress, 162, ei 

seq. 
Charmouth, 74 
Chatham, 87 
CheropotamuB, f* 106 
Cheshire, salt mines in, 12, 61 
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Qiichester, earthquakes at, 

117 
Chirotherinm, 65 

Choanite, f . 84 

Chobham, 97 

Christiana, newer granite near, 
20 

Cinnamon, f. 99 

Clinkstone, 23 

Closebum, 50 

Coalbrook Dale, 61 

Coal, its apparent origin, 51 

Coal measures, 50 

Coatis, f. 104 

Cobalt, 35 

Coblentz, 137 

Cocoa Nut, f. 98 

Coleoptera, f. 74 

Condhiferse, f. 85 

Canes, f. 68 

Conglomerate, 48 

ConifersB, f. 62, 77 

Connecticut, Valley of, fossil 
footsteps in, 65 

Conus, f. 101 

Copper, 35, 38, 59 

Coral, f. 39^ 49, 59, 84, 109, 127 

formations, 44 

human skeletons em- 
bedded in, 155 

Rag, 73 

Coralline Crag, 1 19 

ComwaJl, 34, 48, 177 

granite veins in, 19 

Cotopaxi, 26 

Crab, f. 74, 85, 99 

Crag, English, 118 

Coralline^ 108, 119 

Mammiferous, 119 

Red, 119 

Craven Fault, 58 

Cretaceous Group, 83 

Crocodiles, f. 72, 1X2^ 104, HI 



Cromer, granite and trap boul- 
ders, and pebbles at, 120 

loss of land at, I70 

Cross Fell, 58 

Crystalline Texture, described, 
33 

Culm, or anthracite, 13, 38 

Cumberland, 38, 48 

boulders from mountains 

of, 122 

Cuttle Fish, or Sepia, f . 69 

Cuvier on Changes in Recent 
Period, 183 

Cycadese, f. 62, 68, 81 

Cypris, f. 81 

Cytisus, f. 109 

Deer, fossil, 1 13, 1 16, 119, 123, 
124, 129 

recent, 147 

Degerfors, fossil Infusoria 
eaten at, 157 

Delta, described, 154 

Deluge, effects of, considered, 

157 
Derbyshire, 52, 58 
Devonian, or Old Red Sand* 

stone system, 47 
Devonshire, 48, 99, 124, 13I> 

176 
Diamond, composition of, 13 
Dichobune, f. 105 
Didelphys, f. 76 
Dikes, or Dykes, described, 36 
Dinotherium, f. 113 
Dislocations, or Disturbances, 

27,28,57,76,107,117,121 
Division of Great Britain into 

manufacturing and agricul- 
tural portions, 56 
Divisions in animal kingdom, 

41 

Geological, 17, 81 

Dodo, 144 
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IXOEX. 



Dog, animal allied io^ 1 113^ 

116 
Dobriiey23 
DolpbiUyCllQ 
DomouM, £ liM 
Doraetofaire, if!, 73> 74, 77» 

09 
Dragon FlieiyC 74 
IHi&3rt61 
Dnm&iea, fotnl footal^Bpa at, 

64 
Dnnea,164 
Dnnwich, 172 
Dnrdliam Down, 60 
Earth, form of the, 6 
— cmst of, deieribed, 3 
Earthqnakea, 27 

in England, 176 

— — at Lisbon, 179 
Earths, described, 7 
Echinus, f. 55, 74, 85 
I, f. 104 
ibeig, fossil Infosoriadis- 

eovered by, 102, 156 
Elementary Snbstancei^ 6 
Elephant, or Mammoth, £ 113, 

116, 119, 123, 124, 129, 134 

bed, near Brufiton, 130 

'—Carcase of, ronnd^near 

the river Lena» 134 
Elgin, 164 
Elk, £ 130, 137 
£hn,£ 109 

Encrinites, £ 39, 44, 74 
Endogenites erosa, f. 79 
Sntrochal Karbk, 45 
JBntrochi, or Wheel *8tonei^ 

£45 
Eocene Period, 93 
Eqnisetnm,£ 109 
Erratic Blocks, 120 
Estuaries, described, 165 
Etna, 137, 180 




Exeter, 61 

Fallow Deer, remains c^ 147 

FaoUs, describe^ 27p 67 

Felspar, 10 

Ferns, £ 109 

Fern-trees, £ 53^ 79 

¥leld of Giants, 132 

Fv, 149 

Fish, £ 46,49, 65,e0,71jlS» 

82,86,97,103,111,128 
Fissures, described, 123 
Flame and Bmoke, aignifiei- 

tion of the terms in speak* 

ing of volcanoes, 25 
Flints in chalk, 84, 96 
Footsteps, fossa, 49, 63, 64 
Fossils. See Oiganic Be- 

mains, also under the spe« 

cific names 
erroneous opinions oos* 

coming, 158 
Fox, £ 104, 113, 124 
France, 98, 107 

Isleo£ SeeMainitiai 

Frogs, in amber, 128 
Fruit, £ 98 
Foci, £ 39, 69, 68 
Fullers* Earth, 10, 73 
Gault, or Speeton C3ay, 83 
Genus, term explained, 92 
Genette, £ 104, 113 
Giants* Causeway, 22, 87, 168 
Glance CoaL See Anthradle 
Glen Coe, 36 
Glutton, £ 113 
Glyptodon, £ 114, 115 
Gneiss, 32 
Gold, 34 

Golden Cup Hm, 74 
Goldworth Hill, 97 
Graham's Island, 181 
Grallse, £ 65, 82, 112 
Gnmite, 18, 20 
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€hru4t«^ apparent univeraality 

of, 31 

Veins, 19 

Cfcraphltej PlnmbagOj or Black- 

l4d,13 

Gieensand, 83 
Greenstone^ 21 

Gryphea^ or Gryphite, f. 70, 75 
Gaadaloupe, fossil dceletons 

found at, 165 
Guy's cuff, 63 
Hamite, f. 86 
BaB^hire, 94, 96, 97, 104 

Basin, 94 

I>esh-watcr Fotmations, 

97 

HamiNrtead, 96, 98 

'BaBOf^woL Oourt Palace, pave- 
ment of, 50 

Barn, f. 113 

Harwich, 97, 104 

Hastings, 79 

8imd,78,82 

Haael«147 

- — Nuts, 149 

Helix, f. 110 

Herculaneum, 24, 162 

Herefordshire, 48 

Heme Bay, 96, 99, 173 

Hertfordshire, 96 

Highlands of Sootland, 33, 
36 

Himalaya Mountains, 71, HI, 
11« 

Hindoo Town, baried, 163 

Hindostaa, oi^ganic remains 
found in. Illy 116 

Hippopotamus, i. 104, 113,1111, 
123, 124, 129, 131 

^— - txmdition ctanceramfe 131 

Hippuite, £ 96 



Hog, f. 113, 116 
HoIdemesB, 122 
Hornblende, 21 
Hoise, f. 113, 116^ lie, 124» 

137 
Horsham, 79, 81 
Human remains, in cayes, 146 
— — in coral recks, 155 

in peat bogs, 147 

-^- in sand and silt, 153 

in volcanic foimatiom, 

152 

Hungary, extinct vdcaaoes of, 

117 
Hy8Bna,£ 113,116,124 
Hybodus, t 71 
HylsBoeaurns, or lizaiid of te 

Weald, f. 82 
Iceland, 180 
Ichthyodorulites, f. 71 
Ichthyosaurus, f. 71, 9J 
Ickworth, trilobite fnmd i^ 

120 
Igneous rocks, 17 

— interspersed among 
others, 3^ 38, 49, 68, ^^ 87, 

107 
Iguanodon, f. 82, 87 
India, buried town in, 163 
organic remains in, 111^ 

115 
Infusoria, f. 102, 166 
Ingleborough, 58 
Ink Bag, f. 69 
Insects, fossil, 52, 74, 99, 110, 

127 

in amber, 127 

Ipswich, fossils from 128 

Ireland, 33, 83, 179 

Iridium, 35 

Iron, 35, 5^J 

Iron Oro, neduIeB o^ 52 

Ironstone, 50, 55 
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Isle of Man, 33, t31 

of Sheppey, 98 

'— of Thanet, 99 

— of "Wight, 95, 98, 106, 

106, 107 
Italy, 118 
Jasper, 33 

Jura Limestone Group, 73 
Kangaroo, f. 136 
KaoHn, or Porcelain Earth, 1 1 
Kent, 79, 82, 85, 87, 96, 173 
Kentucky, 133 
Kirkdale, cave of, 124 
Lacustrine deposits, 147 
Lakes formed, 166, 171 
Lamantin, or Manatus, f. 112 
Lancashire, 51, 122, 177 
Langton, 82 
Lapland, fossil infusoria used 

for food in, 157 
Lava, 23 
Lead, 35, 38, 40 
Leeches, fossil, fishes* teeth so 

called, 71 

Lena, river, carcase of mam- 
moth found near, 135 

Lepidodendron, f. 53 

Leucite, 24 

Lias group, 67 

LibeUulse, f. 74 

Licks, or Salines, 132 

Lignite, 80, 84, 99, 109, 151 '' 

Lily encrinite, f. 62 

Limestone, 9, 44 

Linden tree, f. 109 

Lisbon, earthquake at, 179 

Lituite, f. 50 

Liverpool, 65 

Lizard, f. 87 

Llandeilo rocks, 39 

Lobsters, f. 99^ 127 

Lochbroora, peat bog near, 150 

Loligo, f. 69 



London Basin, 94 

Clay, 96 

Lophiodon, f. 105 

Lowestoff Ness, formation oi^ 

171 
Lucerne, sapposed giant fomid 

near, 159 
Ludlow Bocks, 39 
Lusatia^ earth used for food 

in, 157 
Lyme Begis, 67, 76 
MacaUister's Cave, 125 
Macraucheniay il 115 
Magnesia, 11 
Magnesian Limestone groap^ 

59 
Mammalia, terrestrial, firsi 

appearance of, 76 
Mammoth, f. 123, 124, 129, 134 

tradition concerning^ 136 

Man, Isle of, 33, 131 

works of, found in cavefl» 

145 



in coral rocks, 155 

in peat-bogs, 147 

in sand and silt^ 153 

in volcanic formatioQSy 

152 
Manatus, f. 112 
Maple, f. 109 
Marble, 33 

Marsupial animals, f. 76, 136 
Marsupite, f. 84 
Mastodon, f. 115, 116, 119, 132, 

137 

tradition concerning, 133 

Mauritius, 144 
Megalochelys, f. 112 
Megalonyx, f. 137 
Megalosaurus, f. 75, 82 
Megatherium, f. 114, 137 
Melville Island, organic re^ 

mains found in, 134 
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Mendip Hills, caves in, 124 

Metallic veins, 34, 38, 40 

Metamorphic rocks, 19, 33 

term explained, 18 

Hicrodon, f. 7^ 

Microscopic shells, f. 86, 101 

Middlesex, 96, 98, 103, 129 

Mineralogical character, term 
explained, 67 

Mining districts of Great Bri- 
tain, 56 

Miocene Period, 108 

Moel Tryfane, shells foimd on, 
122 

MoUusca, division of animal 
^ kingdom, 42 

Mont D'Or, 107 

Monte Bolca, fossil fishes at, 
104 

Mososanrus, f. 86 

Moss-trooper embedded in 
peat, 147 - 

Mountain Limestone Group, 

Muschel-kalk, 61 

Musk deer, f. 116 

Mytilus, f. 69 

Nautilus, f. 70, 74, 86, 100 

New Red Saiidstone Group, 61 

Nodules, 35, 52, 84 

Norfolk, 108, 118, 120, 166 

r Roman, 169 

Norway, newer granite in, 20 

Nummulite, f. 86, 101 

Oak. 147, 149 

Obsidian, 24 

Oeland, island of, marble from, 

50 
Oeningen, organic remains at, 

109, 111 
Old Red Sandstone GiOup. 

See Devonian. 
OQve, f. 126 



Olivine, 24 

Oolite Group, 73 

Opossum, f. 104 

Organic remains, fossil, 39, 43, 

49, 50, 62, 65, 59, 62, 68, 73, 

81,84,97,98,109,119, 123, 

124, 126 
Organic remains, recent, 145 
Omithichnites, 65 
Orthes, organic remains at, 1 13 
Osmium, 35 
Orthoceras, f. 60 
Ostrea carinata, f. 85 
Ox,f. 113, 119, 124,129, 137 
Oysters, f. 85, 110 
Pachydermata, first appear* 

ance of, 105 
Pahn trees, f. 62, 99 
Palseosaurus, f. 60 
Palseotherium, f. 105, 112 
Paludina, f. 82, 110 
Pampas, organic renmins found 

in, 114 
Pandanus, f. 98 
Paris Basin, 98 
Paviland, cave of, 146 
Pear encrinite, f. 74 
Peat described, 148 

remains foimd in, 147 

Pecten Ipswichiensis, f. 128 
Pegwell Bay, 96 
Penine Chain, 68 
Pentacrinite, f. 68 
Phascolotherium, f . 7^ 
Phonolite, 23 
Pine, f. 73, 99 

recent, 147 

Pitchstone, 24 
Planorbis, f. 65 
Plastic Clay, 95 
Platinum, 35 
Plesiosaurus, f. 72 
I Pliocene Period, 118 
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Poikflitic or NeirBedSMd- 

gCone Gfonp^ n 
PbkBd, aiat BUMS in, 12 
pQ^rpei^ deacribedy 44 
Pompeii U^ 1» 
Poole, 99 
PQ|ifar,£lf9 
Porphyiy, 21 

Ptatbnd, Isle o^ 73» 77 

stone, 73 

PoteSBS,!! 

Pottery fiNmd in CKfes, 145 
Pozmdana, 24 
Primary Stnta, 32 
ProdnciDS, f. 59 

Pterodactyl ^- 7t 
Pumice 8t0B^ 24 

Pnrbeck beds, 77> 78 

Qaadmmanons animaJs, f. 116 

Qaart2,7>32 

■ sandstone changed into, 

33 
Rabbit, £ 124 
Bacoon, f. 104 
Badiata, division of the animal 

kingdom, 42 
Baised beaches, 176 
Bat, water, f. 113, 124 
Beading, 96 
Becent Period, 143 
species of animals found. 



145, et seq. 
— species ci 



plants, 147) 



149 
Becnlyer, 173 
Bed Deer, remains of, 147 
Begla, basaltic columns at, 22 
Begolbium, see Beculver 
Beptiles, f . first appearance of, 

60 
Bhine, volcanic district on 

banks of, 137 



f. lis, 11^ 124 

carcase of, found, 138 

Bhodium, 35 
Bichboioiigh Casile^ 174 
Bock, term explained, 6 
Bodr^gfuea, Isle of, 144 
Boman Noi&Ik, 169 
Rnminantia, first appeanmce 

of, 112 
RntDpia, see Bicfaboronig^ 
Sahanmpore^ buried t^wn 

near, 153 
Salamander, f. Ill 
SiJinpgj or licks, 132 
Sah Mines, 12, 61 
San CSro, cave of, 123 
Sand, blown, hills o1^ 164 
Sandstone, New Bed, 61 

Old Bed, see Devonian 

Sandwich, 174 ' 

Santa Fe de Bogota, organic 

remains found*near, 12^ 
Santorin, 180 

Saurians f. 60, 71> 75, 82, 86 
Sauroid fishes, £ 71 
Scallop, £ 85 
Scaphite, £ 70, 86 
Scarborough, 73> 122 
Sciacca,181 

Scoriae, or volcanic cinders, 24 
Scorpion, £ 55 
Scotland, 33, 36, 47, 50, 88, 

150, 162 
Seal, £ 112 

Secondary Bocks, 37^ 47 
Sepia, £ 69 
Septaria, 67, 97 
Serpentine, 21 
Sewalik Hills, organic remains 

found in. 111, 116 
Shale, 51 

Shark, £ 55, 71> 86 
Shelve district, 49 
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Slieppey, Trie of, 99, IM 
Shetland Isles, 33, 102 
Shingle beaches, 174 
Shrawley Common, 0S 
Shropshire, 40, 55, 177 
Siberia, organic remamsfoand 

in, 134 
l^ex, or Silica, 7 
Silt, described, 166 
Silurian Group, 39 
Silver, 35, 38 
Sivatherium, f. 116 
SMddaw, 33 
Slate, 32 
Snowdon, 33, 39 
Soda, 11 
Solenhofen, 74, 76 

Solway Moss, remains of man 
and horse fomid in, 147 

South America, organic re- 
mains found in, 113 

Southampton Railroad, 97, 99, 
101 

Species, term explained, 92 

Sphenopteris Affinis, f . 52 

Spider, f. 74 

Spirifer, 49, 59 

Squirrel, f. 104 

Stafia,88 

Staffordshire, 55, 58 

Stalactites, 125 

Stalagmites, 125 

Steyning, 86 

St. Leonards, 84 

Stone CcbX, see Anthracite 

Stonesfield, 73, 76 

Stourmouth, 174 

Stratified Rocks, 31 

term exphdned, 17 

Styria, extinct volcanoes in, 1 17 

Sub-Appennine Hills, 118 

Suffolk, 118, 120^ 128, 171 

Sulphur, 12 



SuprnrcretraceouSy see Ter- 
tiary 

Surrey, 94, 97, 101 

Sussex} 79, 84, 86, 96, 139 

Syenite, 21 

Tapir, f. 113 

TeUen, f. 85 

Temperature of Secondary 
Period, 89 

of Eocene Period, 94 

of Miocene Period, 108 

of Pliocene Period, 118 

Terebratulse, f . 49, 59 

Tertiary Period, 91 

Testacea, f. recent species of, 
found in Eocene Period, 93 

recent species of, found 

in Miocene Period, 108 
in Pliocene Period, 118 



Thanet, Isle of, 99, 173 

Thecodontosaurus, f. 60 

Thylacotherium, 76 

Tiger, f. 124 

Tilgate Forest, 79, 82 

Tin, 35, 38 

Tortoise, f. 82, 87, 104, HI 

Toxodon, f. 114 

Trachyte, 23 

Tradition concerning Hippo* 
potamus, 131 

concerning Mammoth, 

135 

■ concerning Mastodon, 
132 

Transition Rocks, 37 

Transylvania, extinct volca- 
noes in, 1 17 

Trap Rocks, 22 

Trilobite, f. 46, 49 

found at Ickworth, 120 

Tripoli, 102 

Tufi^ or Tuff, calcareous, 9 ; 

volcanic, 24 
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Tunbridge Wells, 79, 82, 95 
Turtle, f. 87, 104 
Turrilite. f . 8G 
Tuscany, fossil infusoria found 

in, 101 
Tynedale, 68 
Unio, f . 55 
United States, fossil footsteps 

in, 85 
organic remains in, 114, 

132, 137 
University College, pavement 

of, 50 
Unstratified Rocks, 17 
Variegated Sandstone Group, 

61 
Veins, granite, 19 

metallic, 34, 38, 40 

Vertebrata, division of tbe 

animal kingdom, 41 
Vesuvius, 180 
Volcanic Rocks, 23 

Sandstone, 40 

Volcanoes, active, 137, 180 

extinct, 107, 117 

Vulcano, 180 

Wales, 33, 38,39, 48,49, 58, 122 

Walmer, 174 

Walrus, f. 112 

Walsal, 58 

Wandsworth Common, 101 

Wantsum, 174 

Warwick, 63 

Water Lily, f. 126 

Rat,f. 113,124 

Watford, 96 



Wealden Group, 78 » 

Weald Clay, 79 

Wenlock Limestone, 39 

Western Isles, 33, 36 

Weyboume, 169 

Whale, f. 112 

Wheat, f. 109 

Wheel Stones, see Entrochi 

Whelk, Reversed, f. 127 

Whitby, 73 

Whitstable, 99 

Wight, Isle of, 95, 97, 98, 105, 

106, 107 
WiUow, f. 109 
Wiltshire, 73 
Wolf, f. 104 
Wombat, animal resembling, 

f. 115 
Wood Coal, see Lignite 
Worcestershire, 55, 62 
Works of Man, found in caves, 

145 

in peat bogs, 147 

in volcanic formations, 

152 
Yakoust, carcase of Iklammoth 

discovered n^r, 135 
Yarmouth, 171 
Yew, 147 

Yorkshire, 52, 58, 73, 165 
Zechstein, 59 
Zeolite, 23 

Zetland Isles, 33, 162 
Zeuglodon, f. 87, note 
Zoophytes, description of, 43 
ZostersB, f. 59 
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